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WARRANTY 


All Tektronix instruments are warranted 
against defective materials and workman- 
ship for one year. Tektronix transformers, 
manufactured in our own plant, are war- 
ranted for the life of the instrument. 


Any questions with respect to the war- 
ranty mentioned above should be taken up 
with your Tektronix Field Engineer. 


Tektronix repair and replacement-part 
service is geared directly to the field, there- 
fore all requests for repairs and replace- 
ment parts should be directed to the Tek- 
tronix Field Office or Representative in your 
area. This procedure will assure you the 
fastest possible service. Please include the 
instrument Type and Serial number with all 
requests for parts or service. 


Specifications and price change priv- 
ileges reserved. 


Copyright© 1962. New material copy- 
right© 1963 by Tektronix, Inc., Beaverton, 
Oregon. Printed in the United States of 
America. All rights reserved. Contents of 
this publication may not be reproduced in 
any form without permission of the copy- 
right owner. 
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General Information 


The Type O Operational Amplifier Plug-In Unit consists 
of essentially three parts: a vertical preamplifier and two 
operational amplifiers. The vertical preamplifier can be 
used either as an independent oscilloscope preamplifier or 
to monitor the output of either of the operational ampli- 
fiers. 


The operational amplifiers can be used for applications 
involving integration, differentiation, amplification by a 
constant factor, summation, and phase inversion (as well as 
many others; see Section 3). The output of one operational 
amplifier can be applied to the input of the second for 
combined operations. 


The Type O Unit can be used with any of the Tektronix 
530-, 540-, or 550-Series Oscilloscopes. It can also be used 
with the 580-Series Oscilloscopes in conjunction with the 


Type 81 or Type 81A Plug-In Adapters. The Type O Unit can 
be used with other oscilloscopes and devices through use 
of the Types 127, 132, or 133 Plug-In Power Supplies. 


Vertical Preamplifier 


Bandpass 


Dc to 14mc (3db) in Tektronix Type 530-Series Oscillo- 
scopes (except Types 532 and 536). 


Dc to 25 mc (3 db) in Tektronix Types 540- and 580-Series 
Oscilloscopes, and the Type 555. 


Risetime 


Approximately 25nsec in Type 530-Series Oscilloscopes 
(except Types 532 and 536). 


Approximately 14 nsec in Type 540- and 580-Series Oscil- 
loscopes, and the Type 555. 


Vertical Deflection Factors 


Nine calibrated steps provided: 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 
10, and 20 volts per centimeter. A variable uncalibrated 
control provides for continuous adjustment from 0.05 to 50 
volts per centimeter. 


Input Characteristics 


Approximately 1 megohm paralleled by 47 pf. 
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| SECTION 1 


CHARACTERISTICS 


Operational Amplifiers A and B 


Open Loop Gain-Bandwidth Product 

Approximately 15 mc. (Checked at 10 mc with 1-v input; 
see Chart 2-1.) 
Open Loop DC Gain 


When the input signal is applied to the —grid, with 
the +grid grounded, the gain is approximately —2500. 


If the signal is applied to the +grid and the —grid is 
grounded, then the gain is approximately +2500. 


Now if the signal is applied to both grids, the gain is 
found by using the formula: 


ait 2o 
@g (—grid) —eg (+ grid) 


eg (—grid) 


eg (+ grid) 


Fig. 1-1 


Output Range 


+50 volts, +5 ma. 


Output Impedance, at Front-Panel OUTPUT Connectors 
Approximately 302 at 1 mc for compensated unity-gain 

amplifier. 

Noise 


Typically 0.5 mv peak-to-peak, referred to input. Approxi- 
mately 3 mv peak-to-peak output noise. 
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Characteristics — Type O 


Drift 


Typically less than 10 mv per hour (after warmup), referred 
to input. 


Grid Current 


Less than 0.5 nanoampere for both + and — input grid. 
Adjustable to less than 0.15 nanoampere for + grid, and 
less than 0.3 nanoampere for — grid. 


Input Impedance 


Selected by front-panel control. Values contained inter- 
nally are: 0.01, 0.1, 0.2, 0.5, and 1 megohm; 10 pf*, 0.0001*, 
0.001, 0.01, 0.1 and 1 pf, at +1% (refer to calibration 
procedure). Other values may be connected externally. 


Feedback Impedance 


Same values and tolerances as the Input Impedances 
internally. Other values may be connected externally. 


Signal Inputs 


Signals may be connected to either the —grid (output 
inverted) or the +grid (output polarity same as input). 


Feedback 


Provision is made for permitting either positive or neg- 
ative feedback. 


Integration Low-Frequency Rejection 


A low-frequency rejection circuit is provided to prevent 
undesired integration of dc components and dc drift from 
forcing the oscilloscope trace off the crt. It is also possible 
to reject line-frequency pickup and other low-frequency 


* Individually adjustable. 
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noise. Rejection will occur at about 1 cps or about 1 kc,. 
depending on the setting of a front-panel control. The low- 
frequency rejection circuit may be switched in or out as 
desired. 


Output DC Level 


At ground potential. Output is adjusted to ground with 
a front-panel control. 


Crosstalk Between Operational Amplifiers 


Typically better than 400:1 under following conditions: 
Both Operational Amplifiers set for unity gain with 
Z, = Z; = 1 MEG, one amplifier driven with a capacitively- 
coupled oscilloscope Amplitude Calibrator signal of 100 volts 
(+50-volt square wave of about I-yusec risetime). Output 
of other amplifier will not exceed 330 mv. 


Other Characteristics 


Construction 


Aluminum-alloy chassis with Anodized panel. 


Accessories 
013-0048-01 2 ADAPTER, terminal 
013-0049-00 2 SHIELD, terminal 
103-0033-00 2 ADAPTER, BNC to binding post 
012-0087-00 2 CORD, patch 
070-0323-00 2 MANUAL, instruction 


General Information 


The Type O Plug-In Unit is a very versatile device. The 
number of applications for the unit is limited only by the 
imagination of the user. To realize the full potentialities of 
the unit, it is important for you to understand the operation 
and function of each control. Much of this understanding 
will come only as the result of actual use. This section pro- 
vides the basic information you will require. 


Typical application examples are included in this section 
of the manual to aid you in becoming acquainted with the 
unit. These examples provide set-up instructions for integra- 
tion, differentiation, and amplification. 


Connecting The Plug-In Unit To The Oscilloscope 


The Type O Unit can be used with any of the Tektronix 
Type 530-, 540-, 550-, or 580-Series Oscilloscopes. In the 
Type 530-, 540-, or 550-Series Oscilloscopes, the plug-in 
unit need only be inserted in the plug-in compartment of the 
Series Oscilloscope is used, the Type 81 or Type 81A Plug-In 
Adapter must be inserted into the plug-in compartment of the 
oscilloscope ahead of the plug-in unit. The plug-in unit can 
then be inserted into the compartment of the Type 81 or 
Type 81A. The plug-in fastener knob should be turned Until 
tight to insure that the plug-in unit makes good connection 
with the oscilloscope. 


PREAMPLIFIER 


The Type © Unit contains a vertical preamplifier which 
is used in much the same manner as the preamplifiers in 
other vertical plug-in units. The preamplifier can be used 
with or without the operational amplifiers. When the 
preamplifier is used alone, input signals are connected to 
the EXT. INPUT connector on the front panel. 


The VERTICAL DISPLAY switch selects the input signal 
used by the preamplifier. Possible selections are (1) external 
signals applied to the EXT. INPUT connector, and (2) output 
of either of the operational amplifiers. The + or — sign at 
each position of the VERTICAL DISPLAY switch indicates 
whether the oscilloscope display is normal or inverted. In 
the — positions of the VERTICAL DISPLAY switch the input 
signal is inverted before being displayed. 


The preamplifier vertical deflection factor is controlled by 
the VOLTS/CM switch. Nine calibrated deflection factors 
from 0.05 to 20 volts per centimeter are provided. The 
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SECTION 2 
OPERATING 
INSTRUCTIONS 


VARIABLE control allows uncalibrated deflection factors be- 
tween ranges and gives a continuous range of deflection 
factors between 0.05 and approximately 50 volts per centi- 
meter. With the desired signal displayed on the crt, the 
VOLTS/CM controls are adjusted to give a convenient 
amount of vertical deflection. 


External input signals to the preamplifier may be either 
ac or de coupled depending on the position of the VERTICAL 
DISPLAY switch. In many cases only the ac component of 
the input signal is of interest. In such cases, use of ac 
coupling allows the display of signal information while 
blocking the de component. Ac coupling also permits obser- 
vation of ac information at high sensitivities without dc 
components deflecting the display off the crt. 


Dc coupling must be used to observe very low-frequency 
signals (the ac response is 3-db down at approximately 2 
cps). Dc coupling must also be used when measuring the 
dc component of the input signal or making measurements 
which include the dc component. 


Input signals may be displayed with or without inversion 
when using either ac or dc coupling. 


Output signals from the two operational amplifiers are de 
coupled through the VERTICAL DISPLAY switch to the pre- 
amplifier. To ac couple the output of an operational ampli- 
fier, connect a short coaxial lead from the OUTPUT of the 
operational amplifier to the EXT. INPUT connector. Either 
of the AC positions of the VERTICAL DISPLAY switch can 
then be used. 


First Time Operation 


Initial operation of the Type O Unit requires that certain 
adjustments must be checked. Set both the A and B Opera- 
tional Amplifier Z; and Z; controls at 1 MEG. Set the 
VERTICAL DISPLAY switch to +DC. 


After inserting the plug-in unit in the oscilloscope and 
switching on the power, wait a few minutes for the instru- 
ment to warm up. Adjust the oscilloscope for a free-run- 
ning sweep and, using the POSITION controls, position the 
trace on-the crt. Set the intensity of the trace at a conven- 
ient level and adjust the oscilloscope FOCUS and ASTIG- 
MATISM controls for a sharply focused trace. 


OPERATIONAL AMPLIFIERS 


With no input signal to the operational amplifiers, the 
output de level of the amplifiers should be zero. To insure 
this condition, a check on the dc level should occasionally be 
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Operating Instructions — Type O 


made. The procedure is outlined in the following paragraph 
using the OUTPUT DC LEVEL switch in each amplifier. The 
OUTPUT DC LEVEL ADJ. control is used to set the output 


to zero. 


In order to set or check the output dc level of the opera- 
tional amplifiers, it is first necessary to determine the zero 
input de level of the preamplifier. To do this, set the VOLTS/ 
CM switch to .5 and press the ZERO CHECK switch. (The 
ZERO CHECK switch disconnects all signals to the preampli- 
fier and permits only its de level to be displayed on the crt.) 
Then use the POSITION control to position the trace to a 
convenient horizontal graticule line. The zero input dc level 
of the preamplifier then corresponds to this graticule line. 


When the zero input dc level line of the preamplifier has 
been determined, set the VERTICAL DISPLAY switch to A+. 
This connects the-output of the A operational amplifier to the 
input of the preamplifier. Place the OUTPUT DC LEVEL 
switch in the ADJ. position and hold it there. Set the ADJ. 
control to position the trace on the crt to the zero input dc 
level line previously determined. This sets the output level 
of the A operational amplifier at zero volts. When the OUT- 
PUT DC LEVEL switch is pressed to the ADJ. position, the 
external circuit is disconnected, the input end of the Z; com- 
ponent is grounded, and a gain of 100 is automatically pro- 
vided in the operational amplifier. The 100 gain permits 
a more precise adjustment to be made. It is important, how- 
ever, to recognize that any large amount of drift and noise 
is due to the extra gain. 


Now set the VERTICAL DISPLAY switch to B+ and adjust 
the dc level at the output of the B operational amplifier in 
the same manner as for the A amplifier. 


Feedback Controls 


The most basic functions of an operational amplifier are 
those of amplification by a constant, integration, and dif- 
ferentiation. In amplification, both the input and feedback 
impedances are normally resistors (although capacitors or 
inductors can be used). The ratio of the feedback resistor 
to the input resistor detemines the gain of the feedback 
amplifier. In integration, the feedback impedance is a capaci- 
tor while the input impedance is a resistor. In differentiation, 
the input impedance is a capacitor while the feedback im- 
pedance is a resistor. In both integration and differentiation, 
the time constant of the feedback network determines the 
characteristics of the amplifier. The basic circuits for these 
three types of operations are shown in Fig. 2-1. 


The front-panel controls labeled Z; and Z; select the input 
and feedback impedances from several possible internal 
values. External positions for these controls also permit 
connection of desired external values to the jacks on the 
front panel of the unit. Paralleling internal components with 
external components is practical; however, it is possible to 
perform any of the following basic operations using the 
internal values supplied with the unit. 


Operational Amplifier Gain 


The gain of the operational amplifier with resistance 
input and feedback elements is the ratio of the feedback 
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(a) Amplification by a.constant with polarity inversion. 


Zs 
Z; 
ein oe Sout 
Cc 


(b) Differentiation 


Integration. 


Fig. 2-1. The three most basic uses of an operational amplifier. 


Fig. 2-2. Major terms used in general gain expression for an 
operational amplifier. 


resistance to the input resistance: Gain = —R;/R;. This 
ratio is selected by means of the Z; and Z; SELECTOR con- 
trols or by externally mounted components. (See Fig. 2-2) 


If the operational amplifier had infinite gain, the accuracy 
of the input and feedback resistors (to establish a given gain) 
would determine the accuracy of the gain (—R;/R;). How- 
ever, the O Unit operational amplifier open-loop gain is 
2500, not infinite, so a small error is introduced at higher 
closed-loop gain. When using internal input and feedback 
resistors, this error is internally compensated at 50 and 
100 gain settings. 


Error Factor 


The gain of a feedback (operational) amplifier with finite 
gain may be expressed by the formula: 


Co as Zs ] 
ej > Zi ] Zs 
}1——-{1+—2— 
Aa eae7: 
where e, = output voltage, e; = input voltage, Z¢ = im- 
pedance of feedback component, Z; = impedance of input 


component, and A = amplifier open-loop gain. 


Since the first part of the formula (— Z;/Z;) corresponds 
to the expression for the closed-loop gain of an operational 
amplifier with infinite open-loop gain, the remainder of the 
formula is the Error Factor. 


An example of the need for gain correction due to the 
Error Factor follows: If Z; is set at .01 MEG and Z; at 1 
MEG, the gain would be —100 if the operational amplifier 
open-loop gain were infinite. Since the open-loop gain is 
2500, the error for this example will be approximately 100/ 
2500 or 4%. 


A second example is with Z; set at .01 MEG, and Z; set at 
5MEG. The gain should be —50, but the error will be 
approximately 50/2500 or 2%. 


To keep the feedback gain within the O Unit (using in- 
ternally selected input and feedback resistances) to a toler- 
ance of 3%, special precautions were taken with the Z; and 
Z; SELECTOR switches. The 3% gain tolerance is made up 
of a 1% limit due to the Error Factor and a 2% limit due to 
the 1% tolerance of the resistors. Therefore, the Z; and Z; 
switches have been wired to place a shunting resistor across 
the .01 MEG Z, resistor when the Z; control chooses a resis- 
tor that will give a gain error over 1%. 


The schematic diagrams of the Operational Amplifiers 
show the .01 MEG Z, resistors shunted with 240k when the 
Z; resistor is 1 MEG, and shunted with 510k when the Z; 
resistor is .5 MEG. The Z,—Z; switches do not shunt the 
01 MEG Z; resistor at any other time. 


When using external input and feedback components, it 
may be important to use the Error Factor to correct for gain 
errors. 


Closed-Loop Gain-Bandwidth Characteristics of 
Operational Amplifiers 


Open- and closed-loop gain-frequency characteristics of 
the Type O Unit Operational Amplifiers are shown in Chart 
2-1. As mentioned in the Characteristics (Section 1), the 
Type O Operational Amplifiers have an open-loop gain- 
bandwidth product of approximately 15 mc. The open-loop 
gain-frequency characteristics set a maximum theoretical 
limit for the closed-loop characteristics. When using internal 
Z; and Z; resistors, the closed-loop bandwidth is always 
somewhat less that the theoretical limit due to wiring and 
stray capacitances. 


Average closed-loop gain frequency characteristics in 
various closed-loop gain settings are shown in Chart 2-1. 
Since the individual Z; and Z; stray capacitances change 
with switch settings, the data presented in the chart may 
not fit all switch combinations for the same gain settings. 
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In a critical application, external capacitive compensa- 
tion is recommended to reduce the effect of internal stray 
capacity and extend the closed-loop bandwidth. 


Capacitive compensation is accomplished by placing ex- 
ternal variable capacitors across the input and output re- 
sistors. With’ the oscilloscope Amplitude Calibrator signal 
applied to the input, the capacitors may be adjusted for 
optimum flat top response while observing the output wave- 
form on the crt. Optimum response will be obtained when 
the time constant of the input circuit is equal to the time 
constant of the feedback circuit. Typical compensated unity- 
gain amplifier response is shown by the dotted line in Chart 
2-1. 


Sample Amplification Setup 


1. Connect the output of the oscilloscope Amplitude Cali- 
brator to the A INPUT connector on the front of the O 
Unit. Adjust the calibrator for a 1-volt signal. 


2. Connect the output of the A operational amplifier to 
the preamplifier by setting the VERTICAL DISPLAY switch 
to A+. 


3. Set the +GRID SEL switch to (—). 


4. Adjust the A operational amplifier to give a gain of —1 
by setting both the Z; and Z; controls to 1 MEG. 


5. Set the VOLTS/CM switch to .5, VARIABLE control to 
CALIBRATED. 


You should now have 2 centimeters of vertical deflection. 
Thus with 1 volt in, —1 volt out is obtained, resulting in 
a gain of —1. Note that whenever the Z; and Z; SELECTOR 
controls are both set to the same value of resistance, a gain 
of —1 is obtained. 


Next set the VOLTS/CM switch to 5, Z; to .1 MEG, and 
Z; to 1 MEG. The ratio of Z; to Z; is 1/0.1 = 10, so a gain 
of —10 should be obtained. There should now be 2 centi- 
meters of vertical deflection. This corresponds to an output 
of 10 volts. The gain is —10 as calculated. Try other set- 
tings of the Z; and Z; controls where the ratio of Z; and Z; Is 
10. You will see that in each case the gain of the ampli- 
fier is —10. 


Differentiation 


In differentiation, a capacitor is used as the input com- 
ponent while the feedback component is a resistor. It is 
similar in some respects to a simple RC differentiation cir- 
cuit except that the high gain of the amplifier allows dif- 
ferentiation to be obtained without loss of signal level. 


In differentiation, the output voltage from the operational 
amplifier is given approximately by the equation 


d 
Co RG a le! 
where e, is the output voltage, R; is the feedback resis- 
tance, C; is the input capacitance, e; is the input voltage. 
The output voltage varies directly with the time constant and 
the rate at which the input voltage changes with respect to 
time. 
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Chart 2-1. Average closed-loop and open-loop Gain-Frequency characteristics for the operational amplifiers. The dashed line indicates an 
example of external capacitance compensation extending the high-frequency performance. 


A good starting point is to choose a time constant equal Sample Differentiation Setup 
to the fastest risetime of the signal you are attempting to 
differentiate. The oscilloscope calibrator has approximately 1. Connect the oscilloscope Amplitude Calibrator to the A 


a |-usec risetime. Thus with the calibrator signal, an RC time 
of 1 psec should be selected as a starting value. The VOLTS/ 
CM switch can then be set to permit the display to be 
viewed. If necessary, the time constant can be changed to 
permit a better display. (Normally, the smaller values of 
capacitance will produce better results.) 3. Set the GRID SEL switch to (—). 


INPUT connector and adjust the calibrator for a 1-volt 
output. 


2. Set the Z; control to 10 pf and the Z; control to 0.1 MEG. 
These values produce a time constant of 1 ssec. 
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Fig. 2-3. Differentiated oscilloscope-calibrator signal; 1-ywsec/cm 
sweep rate. 


4, Set the VOLTS/CM switch to .5 and the Oscilloscope 
TIME/CM switch to 1 SEC. 


The display should be a differentiated waveform, as 
shown in Fig. 2-3. 


Observe the effects of other RC combinations. It is im- 
portant to use the lower capacitance values in order to 
minimize circuit loading. There will be minor differences 
in the waveforms obtained with various RC combinations. 
This is true even for simple RC differentiators that produce 
the same time constant. 


Integration 


In integration, the input component is a resistor while 
the feedback component is a capacitor. This is analogous 
to the simple RC circuit. When set up for integration, the 
output (e,) of the operational amplifier is approximately 


3 ] 
Go =-7-fe dt. 


The output voltage is inversely proportional to the time con- 
stant and directly proportional to the integral of the input 
voltage. 


Sample Integration Setup 


1. Connect the oscilloscope Amplitude Calibrator to the A 
INPUT connector and adjust the calibrator for a 1-volt 
output. 


2. Set the Z; control to 1 MEG, Z; to .001 pf, and the 
INTEGRATOR LF REJECT switch to 1 CPS. 


3. Set the GRID SEL switch to (—). 


4. Set the VOLTS/CM switch to .2 and the oscilloscope 
TIME/CM switch to .5 mSEC. 


The display should be an integrated calibrator signal, as 
shown in Fig. 2-4. 


The time constant of the values chosen is 1 millisecond, 
the period of the Amplitude Calibrator waveform. Try other 
values of R and C which produce the same time constant. 
Then try other time constants to see the effect of changing 
the time constant. 


With a good integrated calibrator waveform displayed, 
set the INTEGRATOR LF REJECT switch to OFF. The oscillo- 
scope trace will probably deflect off the screen. If this 
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happens, it is because of dc components in the input signal 
and/or inherent drift in the integrator. The 1 CPS position 
of the INTEGRATOR LF REJECT switch reduces dec offset 
due to integration of low frequency signals. This allows 
normal ac components to be integrated while permitting 
the trace to remain on the screen. For signals with a sig- 
nificant de component, use ac coupling. A 1 KC position of 
the INTEGRATOR LF REJECT switch is also provided. The 
1KC position permits elimination of low-frequency noise 
and power line hum pickup from integration in the medium- 
to high-frequency range. 


Gain-Frequency Characteristics of Differentiator 
and Integrator 


As stated in the Characteristics section, the Type O 
Operational Amplifiers have an open-loop gain-bandwidth 
product of 15mc. This means the open-loop gain will drop 
from 2500 at low frequencies to unity at 15 me. 


It is also important to know the gain-frequency charac- 
teristics for both integration and differentiation. Chart 2-2 
illustrates the gain-frequency characteristics for most Z; and 
Z; control settings for both integration and differentiation. 
This information can be used by the operator to avoid in- 
accurate measurements from erroneous waveforms due to 
gain-bandwidth limitations for each mode of operation. 


Output Connections 


Each of the three basic operational amplifier applications 
just described were employed by the oscilloscope crt. The 
Type O Unit front panel has two OUTPUT connectors, one 
of which is suited for coaxially connecting any application 
output signal to an external device. 


The OUTPUT terminal located to the left of the Z;-Z; 
SELECTOR switches is available for connection of external 
feedback components that can augment the internal values 
of the Z; selector switch. This OUTPUT connector is in par- 
allel with the coaxial OUTPUT connector located to the 
right of the Z;-Z; SELECTOR switches. Either of these OUT- 
PUT terminals can be used for external connection of one 
operational amplifier to the other operational amplifier 
INPUT. Or, the coaxial OUTPUT connector can be con- 
veniently used to drive a 509 coaxial cable to a fairly 
remote system requiring the use of one of the features of an 
O Unit operational amplifier. The output impedance is low 
enough to drive a 509 coax with a reasonably good im- 


Fig. 2-4. Integrated oscilloscope-calibrator signal; 0.5-msec/cm 
sweep rate. 
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Chart 2-2. Average Gain-Frequency characteristics for integration and differentiation. 
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pedance match throughout the frequency response limits of 
the operational amplifier. 


Signal Connection Precautions 


Certain precautions should be taken in connecting signals 
to the input of the operational amplifiers to assure good 
results. First, when dealing with low level signals it may 
frequently be necessary to use shielded leads in order to 
minimize stray pickup. This is particularly important when 
the unit is used for differentiation. High-frequency noise Is 
particularly troublesome with differentiation since the out- 
put of the differentiator is proportional to frequency. 
Whether shielded leads are required for a particular applica- 
tion can usually be determined from the resulting oscillo- 
scope display. 


Precautions for connecting signals to the preamplifier are 
similar to those which must be observed for the operational 
amplifiers. When using only the preamplifier, avoid errors 
in readings by guarding against stray electric or magnetic 
coupling between circuits, particularly in the input signal 
leads. In general, unshielded leads of appreciable length 
are unsuited for this use. This is true even in the audio- 
frequency range. Shielded input cables are recommended 
for -signal measurements when signals are obtained from a 
high-impedance source, or when leads are long. When 
shielded leads are used, the shields should be securely 
grounded to the chassis of both the signal source and the 
oscilloscope. 


In broadband applications, it may be necessary to ter- 
minate signal cables to prevent ringing and standing waves 
in the cable. The termination is generally placed at the 
oscilloscope end of the cable, although some sources also 
require a termination at the source end. 


As nearly as possible, simulate actual operating condi- 
tions in the equipment being tested by permitting it to work 
into a normal load. 


Consider the effect of loading upon the signal source due 
to the input circuit of the preamplifier. The input impedance 
of the preamplifier is 1 megohm to ground, paralleled by 
47 pf. With a few feet of shielded cable, the capacitance 
may well be 100 pf. Where the effects of these resistive 
and capacitive loads are not negligible, it may be necessary 
to use a probe to lessen their effect. 


Use of Probes with the Type O Unit 


Standard Tektronix probes can be used with the preampli- 
fier of the Type O Unit. When used, the probes must be 
connected to the EXT. INPUT connector. 


When probes with 10 or more attenuation are used, 
they must first be properly compensated for high-frequencies. 
This compensation is most easily accomplished using the 
oscilloscope Amplitude Calibrator signal. 


To compensate the probe, first obtain a display of the 
calibrator signal on the crt. Then adjust the probe com- 
pensation control for the squarest possible corners on the 
displayed waveform. This condition results when the under- 
shoot or overshoot has been reduced to a minimum. 
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The attenuation factor of the probe must be considered 
when measurements are made. The vertical deflection factor 
of the O Unit is effectively increased by the attenuation 
factor of the probe. When a 10X probe is used with a 
VOLTS/CM switch setting of 5, the actual deflection factor 
is 50 volts per centimeter. 


Probes reduce both capacitive and resistive loading on the 
signal source. They also permit larger signals to be dis- 
played than would otherwise be possible. 


Attenuator probes are not normally used with the opera- 
tional amplifiers, because of the variable input character- 
istics. A special case, however, is illustrated in Fig. 2-5. This 
application is used when it is necessary to obtain the signal 
from a high-impedance circuit and deliver it to a low-im- 
pedance load without attenuation. To permit the use of a 
10 probe, the operational amplifier input must look like 
the input to the preamplifier; that is, 1 megohm paralleled 
by 47 pf. 


10X Probe 


Fig. 2-5. Special case of a 10X probe used with an operational 
amplifier. 


Fig. 2-5. shows an internally selected Z; of 1 megohm, 
with an externally connected variable capacitor. By using 
an external feedback resistor (Z;) of 10 megohms, the ampli- 
fier gain will be 10, although the probe attenuation of 10 
makes the overall gain unity. 


Using the oscilloscope Amplitude Calibrator, the external 
capacitor can be adjusted to compensate the system for 
optimum response (as explained earlier). 


This system now appears as a dc-coupled 10-megohm 
probe, without attenuation, having a very low output im- 
pedance. 


The OUTPUT connector can be coaxially connected to 
an external system requiring the low output impedance probe 
just described. 


Connection of Signals to the = GRID Jack 


The = GRID jack can be used to connect signals to 
either input grid of the operational amplifiers. When the 
+ GRID SEL switch is in the (—) position, signals connected 
to the +GRID jack are applied to the —grid; when the 
-+-GRID SEL switch is in the (++) position, signals connected 
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to the +GRID jack are applied to the +grid. (Signals 
connected to the —GRID jack are always applied to the 
—grid, regardless of the GRID SEL switch setting.) Signals 
applied to the —grid are inverted at the output of the ampli- 
fier; signals applied to the +grid are not inverted. 


When using the +grid, both grids can be active, as ina 
differential amplifier. Three ways the —grid can be con- 
nected (when using the +grid) are: (a) 100% feedback 
from the output to the —grid; (b) —grid grounded; and 
(c) a feedback element connected from the output to the 
—grid. Each of the three —grid circuits affects the oper- 
ational amplifier characteristics when driving the tgrid. It 
is safe to say that when the +GRID SEL switch is at (+), 
both the — and + grid circuits must be planned and prop- 
erly connected. 


Input signals applied to either grid through either the 
—GRID or -EGRID jacks bypass the internal input imped- 
ances and are therefore not affected by settings of the Zi 
control. 


Access to the +grid increases the versatility of the Type 
O Unit over conventional operational amplifiers and permits 
its use in certain applications where it could not otherwise 


be used. Thus external components can be used to provide. 
positive rather than negative feedback to the operational 
amplifier. Some applications for using the + grid input to 
the operational amplifiers are described in the Applications 
section of this manual. 


Connecting External Feedback Components 


It will occasionally be necessary to mount external feed- 
back components on the O Unit. This is necessary because 
of the limited number of components which may be mounted 
internally. A convenient means for mounting these parts is 
through the use of the adapter board received with your 
Type O Unit. The parts can easily be installed on the 
adapter board and the connectors can then be inserted in 
the jacks on the front panel of the O Unit. A shield should 
be placed over the adapter board to prevent stray signal 
pickup. The standard 3/,” spacing of the jacks on the front 
panel of the O Unit also permits use of double banana plug 
connectors, such as General Radio Type 274-B. See the 
end of the Applications Section of this manual for addi- 
tional component mounting devices. 


Operational Amplifiers 


An operational amplifier is a very high-gain, direct- 
coupled amplifier having out-of-phase input-output char- 
acteristics (180° phase shift) which permits negative feed- 
back. Since the open-loop gain of the amplifier is very 
high, closed-loop characteristics can be controlled by feed- 
back components within the frequency and gain limits of the 
amplifier. (See Error Factor discussion on pages 2-3, and 
4-1.) 


The output level of the operational amplifiers is nor- 
mally at de ground so that two or more may be cascaded 
to perform successive operations. 


Normally, resistors and capacitors are used as_ input 
and feedback components. By selecting proper feedback 
networks, many operations including linear amplification by 
a constant, summation of two or more signals, and integra- 
tion and differentiation of voltage waveforms with respect 
to time, can be performed. 


Fig. 3-1. Operational amplifier symbols. 


A symbol frequently used for an amplifier is a triangle 
with the vertex pointing in the direction of signal flow 
(see Fig. 3-1). This symbol is used throughout the manual 
to represent the operational amplifiers. Note that Fig. 3-1 
is drawn with both a + grid and a — grid. Signals applied 


to the — grid are inverted at the output, while signals 
applied to the + grid arrive at the output with the same 
polarity. The — grid is normally used in an operational 


amplifier because the inverted output permits the use of 
negative feedback through the Z; feedback components. 
When not used, the + grid is grounded and will be omitted 
from diagrams. 


x 


SECTION 3 


APPLICATIONS 


The most basic form of an operational amplifier, illustrated 
in Fig. 3-2, is a time insensitive circuit that includes both 
negative and positive feedback. While many versions of 
the basic form can be used in time insensitive circuits, the 
four most common forms are: (1) an input voltage generates 
an output voltage; (2) an input voltage generates an output 
current; (3) an input current generates an output voltage; 
and (4) an input current generates an output current. These 
four basic Operational Amplifiers are illustrated in Fig. 3-3, 
and various forms appear in the applications that follow. 


Fig. 3-2. Basic form of operational amplifier with both negative 
and positive active grids. 


Virtual Ground 


The dc level at the — grid input of an operational ampli- 
fier is very close to ground. When an input signal is applied, 
the signal tends to move the grid away from ground. How- 
ever, the negative feedback from the output of the amplifier 
resists this tendency. The amount that the — grid voltage 
varies with a signal is dependent on the open-loop gain of 
the amplifier; the higher the gain, the less the — grid volt- 
age varies. With the high open-loop gain normally en- 
countered in an operational amplifier, the — grid voltage 
varies only slightly under closed-loop conditions. Therefore, 
it is convenient to assume that for all practical purposes the 
— grid voltage does not change with signal. 


Since the — grid voltage remains essentially constant 
with input signal changes, it appears as though the — grid 
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(Small C for 
noise suppression) 


Fig. 3-3. Operational amplifiers in Voltage-Current conversions. (a) i;,/—€ 9447 (b) e,,/—igyz (ce) e:,/ —e outi (d) i;,/ Igy: 


is grounded. Thus, a virtual ground can be considered to 
exist at the — grid input. The word “‘virtual’’ is used to 
indicate that although the input of the amplifier appears to 
be grounded, it actually is not. Many equations for the 
functions performed by an operational amplifier can be 
most easily derived by use of the concept of a virtual 
ground. 


It should also be noted that since a virtual ground exists 
at the — grid, the input impedance of the amplifier is essen- 
tially determined by the value of the Z; component. 


Formulas and their derivation for finding the true input 
impedance at the — grid are presented in Section 4 of 
this manual. 
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TYPICAL APPLICATIONS 


The remainder of this section explains typical applications 
for the O Unit operational amplifiers. The circuit for each 
application is shown, along with a brief discussion of the 
circuit and method of use. Most circuits are typical only, 
and not necessarily the only configurations that can be 
used. Modifications of these basic circuits may be employed 
to adapt the O Unit for individual needs. 


The derivation of the equations relating to these applica- 
tions will be found in Section 4. Equations indicating the 
operation of a particular circuit were derived assuming 
infinite open-loop amplifier gain. In most cases this assump- 


® 


tion is quite good and calculations will be very close to 
conditions actually obtained. In practical applications it 
may be necessary to consider several factors such as open- 
loop and gain-frequency characteristics, stray capacity, and 
the output impedance of the signal source. The input im- 
pedance of the operational amplifier is really a combination 
of the signal source impedance and the impedance selected 
by the Z; control. If the output impedance of the signal 
source is low, it can usually be ignored. 


Applications Index 


1. Amplification by a Constant 
2. Integration 
3. Differentiation 
4. Summation 
5. Unity-Gain Amplifier with High Input Impedance 
6. High Input Impedance Amplifier 
7. Subtractor and/or Difference Amplifier 
8. Voltage to Current Converter 
9. Voltage to Voltage Amplifier 
10. Bandpass Amplifier 
11.’Flip-Flop Multivibrator 
12. Logarithmic Amplifier 
13. Logarithmic Amplifier (fast response) 
14. Limiter Amplifier 
15. Expansion Amplifier 
16. Clipper Circuit 
17. Frequency to Voltage Converter 
18. Peak-Reading Amplifier 
19. Very Low Current Measurements 
20. Capacitance Measurements 
‘21. Gated Amplifier 
22. Gated Integrator 
23. Stair-step Generator 
24. Function Generator 
25. Low-Frequency Sine Wave Generator 
26. Segments Function Generator 
27. CRT Arbitrary Function Generator 
28. Displaying B-H Curves for Magnetic Materials 


Description and Additional Information 


1. Amplification by a Constant 


This circuit is useful for providing amplification by a de- 
sired constant. The closed-loop gain is determined by the 
feedback components within the frequency and gain limits 
of the amplifier. Either internal or external feedback com- 
ponents may be used to provide the desired constant gain. 


The output of the amplifier in this configuration is inverted. 
This makes the amplifier useful as a sign changer, with or 
without amplification. Applications 5 and 6 show circuits 
which can be used if inversion of the input signal is not de- 
sired, 
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For low frequencies 


Compensated for 


high frequencies 


1. Amplification by a Constant 


The circuit can be made to provide variable gain by 
replacing the feedback resistor with a potentiometer. As 
the potentiometer setting is changed, the gain of the ampli- 
fier will also change. Replacing R; with a potentiometer 
will allow the input impedance of the amplifier to remain 
essentially constant while permitting the gain to be varied. 


The fixed resistors may also be replaced by thermistors, 
photoresistors, or other variable-resistance elements. The 
gain will then be a function of the temperature, light level, 
or other variable. 


2. Integration 


Integration of various signals can be accomplished by 
means of the Application 2 circuit. Feedback elements shown 
in the diagram may be selected from internal values or con- 
nected externally. The output voltage from the integrator 
is inversely proportional to the time constant of the feed- 
back network and directly proportional to the integral of 
the input voltage. A good starting point in any integration 
application is to make the R\C; time constant approximately 
equal to the period of the signal to be integrated. 


This basic circuit integrates not only the ac components 
of signals, but the dc components and drift as well. Inte- 
gration of dc components or amplifier drift will cause the 
trace to gradually drift off the crt. To prevent this condition 
when integrating repetitive signals, an integration low-fre- 
quency rejection circuit is incorporated in each operational 
amplifier of the Type O Unit. This circuit prevents the 
integration of component signals with frequencies lower than 
approximately 1 cps or 1 kc, depending on the setting of the 
INTEGRATOR LF REJECT switch. 
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To reduce integration 


of low-frequency sig- 
nals and/or drift. 


2. Integration 


The integrator circuit can be used as a precision 90° 
phase shifter within the frequency limits of the amplifier. 
Sine waves applied to the input of the integrator are shifted 
in phase by exactly +90°. 


In some applications it may be desirable to start and 
stop the integration at a known time interval. This type of 
integrator is discussed as the Gated Integrator, Application 
22. 


3. Differentiation 


The output voltage of the differentiation circuit is inversely 
proportional to the feedback time constant and Is directly 
proportional to the time rate of change of the input voltage. 
In practical applications, the R;C; time constant will have to 
be chosen somewhat on a trial and error basis to obtain 
a reasonable output level. A good starting point, however, 
is to make the time constant approximately equal to the 
risetime of the signal to be differentiated. 


Differentiation permits slight changes in input slope to 
produce very significant changes in the output. An example 
of the usefulness of this feature would be in determining the 
linearity of a sweep-sawtooth waveform. Nonlinearity re- 
sults from changes in the slope of the waveform. Therefore, 
if nonlinearity is present, the differentiated waveform indi- 
cates the points of nonlinearity quite clearly. Repetitive 
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Add C = C;/100 for 
noise suppression, 
or 


Alternate method of 


noise suppression 


3. Differentiation 


waveforms with a rise and fall of differing slopes can show 
erroneous waveforms. Under such conditions it is best to 
view the waveform using the oscilloscope SINGLE SWEEP 
mode. 


The output voltage of the differentiator is directly propor- 
tional to the frequency of the input signal (within the fre- 
quency limits of the circuit). This permits the differentiator 
to be used as a frequency to voltage converter. The fre- 
quency of an unknown signal can be determined by com- 
paring the amplitude of the output voltage to that obtained 
using a known input frequency. The oscilloscope graticule 
can be calibrated, if desired, for frequency per centimeter. 
A constant-amplitude input signal must be used in this 
application, to prevent changes in amplitude from disturbing 
the measurement. 


Differentiation of a sine wave results in a 90° phase shift 
at the output of the differentiator. The circuit can thus be 
used as a precision 90° phase shifter within its frequency 
limits. The output of the differentiator is shifted by —90° 
as opposed to +90° for the integrator circuit. 


In general, differentiation accentuates high-frequency 
noise; if this is objectional, a noise suppression capacitor 
may be placed in the feedback circuit, or a resistor in the 
input circuit, to limit the high-frequency response above the 
signal frequency. 


Conversely, in some applications a differentiator may be 
advantageously used to detect the presence of distortion or 
high-frequency noise in the signal. A differentiator can often 
detect hidden information that could not be detected in the 
original signal. 
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4. Summation 


When Ri ==" Re Rp = R= Re, 
then eo —= — (e1 + e2 + es + es) 


4. Summation 


Summation of a number of voltages can be accomplished 
with the Application 4 circuit. The feedback resistor R¢ can 
be selected from internal values, however it will be necessary 
to provide external input resistors. When the values of all 
resistors are the same, the output of the amplifier is the 
inverted sum of all of the input voltages. By proper resistor 
selection, many input voltages can be amplified at the out- 
put, limited only by the ability of the output to swing either 
+50 volts or -—5 ma. 


5. Unity-Gain Amplifier with High Input Impedance 


5. Unity-Gain Amplifier with High Input Impedance 


NOTE 
The following method of determining input im- 
pedance signifies a concept only, and is not neces- 
sarily valid for all circuit configurations. 


In this circuit, a gain of +1 is obtained. The input signal 
is applied directly to the +grid with feedback applied 
from the output to the —grid. Since the signal is applied 
directly to the +grid, and since there are no resistance 
elements between it and ground, the input impedance of the 
circuit is determined primarily by the grid current. This cur- 
rent is on the order of 0.3 nanoampere (see Characteristics 
Section) for signals of less than about -£10 volts; thus the 
input impedance is on the order of 10,000 megohms. For 
signals of -:1v, the input impedance is on the order of 
1000 megohms. This is, of course, the dc impedance. For 
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ac signals, the shunt capacitance brings the impedance 
down to a much lower level. The input impedance varies 
with the input voltage (assuming R; = ej/ig) since the grid 
current (ig).remains relatively constant.. 


The feedback to the —grid insures a gain of 1 at the 
amplifier output. 


6. High Input Impedance Amplifier 


6. High Input Impedance Amplifier 


The high input impedance feature of the previous cir- 
cuit is combined with gain in this circuit. The gain is positive 
and is determined by the formula shown with the diagram. 


In this circuit, the signal is again applied directly to the 
+grid with feedback from the output to the —grid. The 
amount of feedback is controlled by the values of R; and Ry. 
Note that it is not possible to obtain a gain of less than 
one with this circuit. 


Both R, and R; can be selected from internal values. If 
internal values are used, it will be necessary to externally 
ground the A INPUT connector in order to ground one end 
of Ri. 


7. Subtractor and/or Difference Amplifier 


Subtractor: 


Difference (special case) 
When R; = R2 = R; = R,, 
then eo = e: — e1 


7. Subtractor and/or Difference Amplifier 
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One signal voltage can be subtracted from another 
through simultaneous application of signals to both grids 
of the amplifier, as shown in the preceding diagram. The 
signal applied to the — grid is subtracted from the signal 
applied to the + grid. 


If the values of the resistors are not all the same, the 
gain of the amplifier for signals applied to the +grid is 
Ri + Ro Rg 
R R; + Ry 
Gain of the amplifier for signals applied to the — grid is 
— R,/R,. Through use of these two equations, a desired 
amplification can be combined with the subtractive process 
shown by the generalized expression, 
Pra iat aa Be R, 3 
2 Riva R EE 
In this application, the amplifier is used essentially as a 
difference amplifier. 


A difference amplifier may be operated with compensated 
frequency response by adding small variable capacitors 
across R; and R. of the preceding circuit. This permits bal- 
ancing the time constants, extending the usable bandpass of 
the difference amplifier. In cases where all resistors are not 
equal, compensation for high frequencies may be accom- 
plished by making all time constants equal. 


8. Voltage to Current Converter (Transadmittance 
Amplifier) 


When Re, R; = Ra, 
and R; + Ri S>Zz, 
ej 


then i, = — 


r 


8. Voltage to Current Converter 


This circuit can be used to supply a current to a load 
which is proportional to the voltage applied to the input 
of the amplifier. The current supplied to the load is relatively 
independent of the load characteristics. This circuit is 
essentially a current feedback amplifier. Load current is 
limited to 5 ma. 


A current sampling resistor is used to provide the feed- 
back to the +grid. When R; = Ry = R3 = Ry, the feedback 
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maintains the voltage across r at a value —R;/R; X e; re- 
gardless of the load. If a constant input voltage is applied 
to the input of the amplifier, the voltage across r also re- 
mains constant regardless of the load. If the voltage across 
r remains constant, the current through r must also remain 
constant. With R3 and R4 normally much higher than the 
load impedance, the current through the load must remain 
nearly constant regardless of its impedance. 


The values of Ri, R¢, R3,.and Ry should normally be the 
same (1 megohm for each is satisfactory). The current sampl- 
ing resistor is then selected for the desired load currents. 
The current through the load i, = e;/r milliamperes per 
volt of signal when r is expressed in kilohms. The value of 
r should be selected to limit the maximum current drawn 
from the operational amplifier to less than 5 ma. 


9. Voltage to Voltage Amplifier (Voltage Gain Ampli- 
fier) 


ag current 
sampling 


resistor 


When R; — Rx and R; — Rz, 


then er — — ej 


9. Voltage to Voltage Amplifier 


This circuit is similar to the voltage to current converter 
described previously, except that the load is now placed 
where the current sampling resistor was in the previous 
circuit. With R; = Re = R; = Ry, the feedback to the + 
grid maintains the voltage across the load equal to minus 
the input voltage regardless of load (within the current 
limitations of the amplifier). Operation of the circuit is 
essentially the same as that of the voltage to current con- 
verter. 


Since the voltage across the load is equal to the input 
voltage, sweeping the input voltage results in the voltage 
across the load also being swept. A voltage proportional 
to the current through the load can be obtained across r. 
The combination of the voltage across the load and the cur- 
rent through r can then be used to display the characteristic 
curves of devices such as tunnel diodes. 


When using this circuit, care should be taken in adjusting 
the input voltage and/or load impedance so that the -—-5 
ma rating of the operational amplifier is not exceeded. 


10. Bandpass Amplifier 


159k Ext. 


10. Bandpass Amplifier 


= + 1-volt pulses. 
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An operational amplifier can be applied as a bandpass 
amplifier with proper input and feedback elements. The 
adjacent circuit illustrates an example with only the addi- 
tion of two external resistors. The C; and Cy capacitors are 
internally chosen. The bandpass curve shown with the cir- 
cuit illustrates an RC rolloff at each end of the bandpass 
with the signal amplitude dropping 6 db per octave. To make 
such a system guassian, with a rolloff of 12 db per octave 
after the 3db down point, two bandpass amplifiers can 
be cascaded. 


The principle of operation of the bandpass amplifier is 
that the input series R and C attenuate low frequencies, 
and the feedback parallel R and C attenuate high fre- 
quencies. The maximum gain, in the flat area of the fre- 
quency response curve, is unity with the following suggested 
values: 


C; and C;, for —3-db frequency values, when external 
resistors are 159 k, 


ate CG nea Cf 
icc 1 uf 100 ke 10 pf 
10c wl pt 10 ke 0001 pf 
100 c 01 pf 1 ke 001 pf 
1 ke 001 pf 100 01 pf 
10 ke .0001 pf 10c evans 
100 ke 10 pf ‘ie 1 pf 


11. Flip-Flop Multivibrator 


In the flip-flop multivibrator circuit, +1-volt or greater 
pulses are applied to both the + and — grids. When 


11. Flip-Flop Multivibrator 


@i 


3-7 


Applications —Type O 


the multivibrator is flipped to one state of conduction by 
application of a pulse to one of the grids, it remains in that 
state of conduction until a positive pulse is applied to the 
other grid. 


The output of the multivibrator is a series of positive and 
negative pulses approximately 50 volts in amplitude. This 
circuit is useful to approximately 10kc. The sensitivity of 
the circuit can be changed to satisfy application require- 
ments. The circuit can be made more sensitive by increasing 
the ratio of R3 to Ro. 


Waveforms shown on the circuit drawing as e, are ideal- 
ized. To obtain flat tops and bottoms on the output wave- 
forms use a double Zener output circuit, as indicated by the 
dotted area below the e, terminal. 


12. Logarithmic Amplifier 


In many applications it is desirable to have a device 
whose output is proportional to the logarithm of the input. 
However, a practical amplifier cannot give a true logarithmic 
response because of two primary limitations: (1) the loga- 
rithm of zero is —infinity, thus a true logarithmic amplifier 
would have an output of —infinity with zero input; (2) the 
logarithm of a negative number is not defined, therefore a 
true logarithmic amplifier could not accept negative input 
signals. 


13. Logarithmic Amplifier 
(fast response) 


This circuit performs with 
a much faster logarithmic re- 
sponse than circuit 12. It 
operates to a higher frequen- 
cy, employing high-frequency 
components and circuitry. 

The amplifier is essentially 
logarithmic from 0.1 volt 
to +100 volts. It is not log- 
arithmic with signals less than 
about 0.08 volt. 


When calibrated, the ampli- 
fier has a gain of 3 for very 
low-level signals. At a signal 
level just under 0.1 volt, the 
gain is approximately 1.4, and 
continues to drop logarithmi- 
cally with increased signal. 


Calibration is accomplished 
by using the oscilloscope AM- 
PLITUDE CALIBRATOR and a 
Type 105 Square-Wave Gen- 
erator with a 93Q cable and 
termination as signal sources. 


1. Let the O Unit warm up 
for 10 to 15 minutes. Set 
the +GRID SEL to —. 
Plug the logarithmic am- 
plifier into the B opera- 
tional amplifier. 


* Matched pairs 


**Tektronix Part Number 


+0.1 to 100 v 


8 Stabistors, G130 


eo = — [0.7 +. (0.35 Logi ei) | 


12. Logarithmic Amplifier 


An approximate logarithmic output can be obtained from 
the indicated circuit; the relation between input and output 
is shown in the equation under the diagram. 


The stabistors shown provide feedback which produces 
the logarithmic output response for input voltages between 
+0.1 and 100 volts. 


* Erie 
2007 ** 
**152-110 


152-111 


* HD5000 
**152-109 


13. Logarithmic Amplifier (fast response) 


. Free run the sweep at about .5 mSEC/CM. 
. Set the VERTICAL DISPLAY switch to B—. 
. Place the Z; and Z; controls in the EXT. position. 


. Adjust the OUTPUT DC LEVEL to match the ZERO 
CHECK trace position. 


6. Set the VOLTS/CM switch to .1 


7. Connect a 1-volt calibrator signal to the input of the 
logarithmic amplifier. 


8. Adjust the VARIABLE VOLTS/CM control for two centi- 
meters of crt display. Recheck step 5 to be sure the 
zero-volt portion of the display coincides with the 
ZERO CHECK trace position. (A little drift will alter 
the calibration for low level signals.) 


9. Raise the calibrator signal to 100 volts. Adjust the 
5-k potentiometer, +100 v CAL, so the 100 volt level 
of the display is 4cm from the ZERO CHECK trace 
position. The zero-volt part of the display may not 
return completely to the ZERO CHECK trace position 
in the time the calibrator signal remains at zero 
volts. Do not adjust the vertical POSITION to offset 
this while adjusting the +100v CAL potentiometer. 
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10. Repeat steps 7, 8 and 9 as necessary until the ampli- 
plifier functions properly. Proper operation means a 
0.1-volt calibrator signal will produce 1 centimeter of 
deflection; 1 volt will produce 2 centimeters, and 
100 volts will produce 4 centimeters. A tolerance 
of 1mm can be expected. 


To check for proper operation throughout the oper- 
ating range, another voltage source must be used. A 
regulated, variable de power source, monitored with 
an accurate meter will provide the accuracy needed. 


11. Disconnect the calibrator signal and connect a 25-kc 
square wave from the Type 105 Square-Wave Gener- 
ator to the input. Use a 93Q cable and a 93 Ter- 
mination Resistor and adjust the HF COMP capacitor 
for minimum spike at the leading edge of the square 
wave at about a 10-volt level. This adjustment will 
change with maximum signal amplitude, so it should 
be made at the maximum value of voltage the ampli- 
fier is expected to handle. 


12. The amplifier is now calibrated. Always recheck the 
OUTPUT DC LEVEL against the ZERO CHECK trace 
position prior to any measurement. 


Response-time of the logarithmic amplifier (the time to 
change 100% of a step signal amplitude) varies with the 
direction of change. The amplifier was originally designed 
to operate between 0.1 to 10 volts, therefore the response- 
time performance has been measured within these limits. 
Response-time when going from 0.1 volt to 10 volts is 
approximately 0.2 second. Response-time when going from 
10 volts to 0.1 volt is approximately 0.3 jusecond. 


If your instrument serial number is below 813, we sug- 
gest that you modify the circuitry to agree with that found 
in instruments numbered 814 and above. This should reduce 
thermal drift problems when using the Logarithmic Ampli- 
fier. 


14. Limiter Amplifier 


The limiter amplifier operates as a normal amplifier until 
the output reaches the Zener breakdown voltage of the 


ei 
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diodes. When this occurs, the Zener diode places R in paral- 
lel with Rs, thereby increasing the negative feedback and 
decreasing the gain of the amplifier. By changing the set- 
ting of R, the gain of the amplifier after Zener breakdown 
can be controlled. The curve illustrates the input-output char- 
acteristics of the circuit. 


Slope = — 


Ri (Re + R) 


14. Limiter Amplifier 


The input and output voltages of an amplifier are related 
by the expression e, = Gej, where e, is the output voltage, 
G is the gain, and e; is the input voltage. From this ex- 
pression it can be seen that G is the slope of the curve. For 
voltages between the two Zener breakdown points, the 
gain (and the slope of the curve) is the usual expression 
—R,/R;. After the Zener breakdown, the effective feedback 
resistance is that of Ry and R in parallel. The gain (and 
slope) of the limited curve is 

RR 
Ri (Re + R) 
The slope of the limited curve can be varied between zero 
and —R;/R; by varying the value of R between zero and 
infinity. 


Ga = 


The purpose of the circuit is to limit the gain of the 
amplifier for output voltages greater than the Zener break- 
down voltage. If R is reduced to zero, the output voltage 
is limited to the Zener breakdown voltage. 


15. Expansion Amplifier 


The expansion amplifier is similar in operation to the 
limiter amplifier of application 14. The primary difference 
in the two circuits is in the location of the back-to-back 
Zener diodes. 
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Re (Ri + Ri) an 
Slope == 


Ri Ri 


15. Expansion Amplifier 


In this circuit, the gain of the amplifier is the usual —R,/R; 
until the input voltage reaches the Zener breakdown level. 
When this occurs R; is placed in parallel with R; thereby 
increasing the gain of the amplifier for input voltages above 
this level. 


As mentioned previously, the gain of the amplifier (and 
thus the slope of the input-output curve) is —Rs/R, for input 
voltages below Zener breakdown. Above Zener breakdown 
the gain (and slope of the limited curve) is 


Re (Ri + Ri) 
R; Ri 
Input signals above the Zener breakdown voltage are 


G= 


VOM Ae 0.25 v Sine wave, up to —~ 0.5 mc 
1 | coe 


ej A { 


16. Clipper Circuit 
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effectively expanded by the amplifier. Signals below the 
Zener breakdown voltage are amplified in the normal 
manner. 


16. Clipper Circuit 


The clipper circuit is similar to the circuit shown in appli- 
cation 14 except that no feedback resistor is used. This 
means that the open-loop gain of the amplifier is obtained 
until the output reaches the Zener breakdown voltage. The 
output is then limited to the Zener breakdown voltage. The 
low-capacity signal diodes D disconnect each Zener during 
its forward voltage excursion to keep leakage feedback to 
a minimum. 


The combination of the very high gain and clipping at 
the Zener breakdown voltage permits small amplitude sine 
waves to produce large amplitude square waves. 


The example shows a gain of about 80 with clipping at 
the Zener level on both halves of each cycle. 


17. Frequency to Voltage Converter 


The frequency to voltage converter is essentially a dif- 
ferentiating circuit. The output of the differentiator in this 
circuit is rectified and used to charge a capacitor. Since the 
output of a differentiator is proportional to frequency, the 


17. Frequency to Voltage Converter 


capacitor charge is also proportional to frequency. A dc 
voltage is thus obtained which is proportional to frequency. 


It is important that the proper values of Ry and CG; are 
used in order to obtain best results from this circuit. Refer 
to Chart 2-2 for the proper values to use in the frequency 
range you wish to cover. Practical limits of performance are 
from approximately 1 cps to 1.5 mc, shown as several ranges 


in Chart 2-2. 


The diode D and capacitor C must both be selected to 
have high leakage resistance to permit maintaining the 
proper dc output voltage during the part of each cycle that 
D is not conducting in the forward direction. 


18. Peak Reading Amplifier 


In this circuit, advantage is taken of the high input im- 
pedance feature of the + grid. When a positive pulse is 
applied, the diode conducts, charging the capacitor to the 
peak voltage. Because of the high input impedance, the 
capacitor charge is retained for a relatively long period. The 
gain of the amplifier is unity under these conditions, so the 
output is equal to the peak voltage of the input pulse. 
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In order for the circuit to 
operate properly, the time 
constant of the source imped- 
ance and the capacitor to be e; Positive Peak 
charged must be short enough 
so that the capacitor can 
charge to the peak voltage 
in the time that the pulse re- 
mains at the peak. For this 
reason, the value of the ca- 
pacitor should be as small as 
possible. The capacitor can- e. = e: Positive Peak 
not be too small, however, or 
it will discharge too rapidly. 
A capacitor with very low 
leakage should be selected to 
prevent rapid loss of the 
charge. Also, the diode re- 
verse current should be very 
low to prevent the capacitor 


charge from being lost too an 

rapidly. The forward drop 

across some silicon diodes is 

great enough to prevent the N small ¢ eR Large C 
capacitor from charging to the 20 to 47 pf .001 to .01 


peak voltage. 


ln practice, two peak reading 
amplifiers can be cascaded 
to minimize input loading and 
extend peak memory time. 18. Peak-Reading Amplifier 


19. Very Low Current Meas- 


urements Sawtooth 


The output voltage of this are 


circuit is proportional to the 
input current. The circuit can 
be used to measure very low 100-1000 pf 
currents, such as reverse cur- 
rent of semiconductor diodes, 
or the leakage current of ca- 
pacitors. 


If Re is 1 megohm, the out- 
put will change 1 volt per 


microampere input. D = Diode, measuring reverse current 
G e 4140 ¥ 2 


If Ry is 50 megohms (exter- 100 pf 
nal resistor), the output will 
change 50 millivolts per nano- 
ampere input. 


eo — —iRr 


The capacitor across Ry may 
be required to reduce output 
noise when the gain of the 
overall system is high. 


A convenient voltage source 
for measuring diode reverse 


current is the oscilloscope 
SAWTOOTH OUT waveform. 


Silicon diode added to block negative sawtooth 
The peak value of the saw- for very low current measurements. 
tooth can be varied to suit the 
particular diode by means of 
a 100-k potentiometer. With 19. Very Low Current Measurements 
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such a system, the horizontal display can be calibrated in 
volts per centimeter. Thus the exact voltage at which the 
diode reverse current exceeds a given value can be seen 
dynamically on the crt. 


For very high sensitivities (the measurement of very low 
current) it may be necessary to shield the input and output 
circuits to eliminate hum pickup. The noise of the system 
can be reduced by placing a capacitor across the feedback 
resistor. 


The oscilloscope sawtooth-out voltage usually contains 
a small negative offset when the crt spot is at rest. To pre- 
vent the diode being tested from going into forward con- 
duction and saturating the amplifier, a silicon diode may be 
inserted between the sawtooth-out voltage and the potentio- 
meter to block the negative offset voltage. 


Capacitance of the added diode can affect the display 
at high sweep rates. To minimize the capacitance effect, 
slow sweep rates should be chosen for nanoampere current 
measurements. The oscilloscope single sweep feature may 
also be used to improve the display. 


20. Capacitance Measurements 


Unknown capacity 


B = Unity Gain Driver Amplifier 


C, = Stray capacitance balance 
when measuring 1-10 pf. 


Cr = O Unit 1% Zr capacitor 


A: Use INTEGRATOR LF REJECT 1 CPS 


20. Capacitance Measurements 


The above circuit can be used to make accurate capac- 
itance measurements by comparing the value of an un- 
known capacitor against one of the internal standard capaci- 
tors. The fixed internal capacitors are within 1% of the 
front-panel values. The two lowest value capacitors are 
adjusted during calibration. In the diagram, C, is the un- 
known capacitance and C; is the selected internal capacitor. 


Although resistors are normally used as the input and 
feedback components when an operational amplifier is used 
to provide amplification by a constant, capacitors may be 
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used also. The gain of the amplifier with capacitors as the ~ 
input and feedback elements is the ratio of the capacitive 
reactance of the feedback capacitor to the capacitive re- 
actance of the input capacitor. The gain is therefore equal 
to —C,/C;. If a known input signal from the oscilloscope 
calibrator is applied to the amplifier, the gain can be de- 
termined by comparing the output displayed on the oscillo- 
scope to the input signal. With the gain and C; known, C, 
can be calculated. This is the general method used. 


Operational amplifier B is used as a unity gain driver 
for operational amplifier A. The low output impedance of 
amplifier B is necessary to obtain accurate measurements 
on large capacitors. The low output impedance permits 
charging C, in less than one half the period of the cali- 
brator waveform. 


To make a capacitance measurement, proceed as follows: 


1. Connect the circuit as shown in the diagram but do 
not connect C,. Set the A Operational Amplifier Z; 
switch to EXT. 


2. Connect the output of the oscilloscope AMPLITUDE 
CALIBRATOR to the input of Operational Amplifier B 
and adjust the calibrator output voltage according to 
the following chart for the range of capacitance to be 
measured. 


3. Set the VERTICAL DISPLAY switch to A+. Set the 
VOLTS/CM switch to .05. Connect any device which 
will be used to hold the unknown capacitor to the A IN- 
PUT and A— GRID connectors. If the capacitor to be 
measured is 10 pf or less, adjust Cy, the neutralizing 
capacitor, for the least amount of signal displayed on 
the crt. This neutralizes the stray capacitance between 
the input and A — GRID connectors. 


4. Connect the amount of signal indicated below for 
the range of capacitance expected. Connect the capac- 
itor to be measured and read the output of the ampli- 
fier displayed on the crt. Calculate the gain and the 
value of C,. If C, is equal to the value of the C; switch 
setting, the display amplitude will be equal to the cali- 
brator peak-to-peak voltage. If C, is one half the 
value of the C; switch setting, the display amplitude 
will then be one half the calibrator peak-to-peak volft- 


age. 
RANGE CALIBRATOR - C; SWITCH SETTING 
SIGNAL 
O— 10 uf 10 mv 1 
O— Iuf lv ] 
O— lyf lv 01 
O— 01 uf lv 001 
0 — .001 uf lv 001 
0 — 100 pf 10 v 001 
O—* 10 pt 10 v 0001 


21. Gated Amplifier 


It is possible to gate on and off an operational ampli- 
fier. The simplest form of this type of circuit would be to 
use a relay with contacts that short across the feedback 
component when the amplifier is to be turned off, but the 
speed of response is limited by the response of the relay 
used. 
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+ Sig only Ri 


Approx. +20V Gate 


— Sig only 


wl SA 


0 


Approx. +20V Gate te 


D = Low leakage diodes 


21. Gated Amplifier 


The simple relay may be replaced by a diode gate that 
is turned on and off to gate off and on the operational 
amplifier. 


The <= 20 volt gate indicated can be obtained from 
either the A or B sweep of any Tektronix dual-sweep oscillo- 
scope in which the Type O unit is used, such as the 535A 
or 545A. The 1.5-volt battery biases diode D to conduction 
when there is no + GATE signal. With the arrival of the 
+ GATE, diode D opens, permitting the amplifiier to func- 
tion. 


The back resistance of the diode gate must be very high 
to prevent altering the amplifier performance. Also, its for- 
ward resistance must be low to permit firm clamping of the 
amplifier. 


The gated amplifier illustrated here can accept only one 
polarity of signal. If the feedback capacitor of application 
22 is replaced by a feedback resistor, a signal containing 
both positive and negative polarity can be gated. 
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22. Gated Integrator 


This circuit is a modification of application 21. 


The gated integrator can be used to integrate a signal 
over a specific time interval such as a portion of a sine wave 
or a small pulse that follows a large pulse. If a large pulse 
preceding a small pulse were to be integrated too, the area 
under the small pulse might not be easily resolved from the: 
display. 


By using a two-sweep oscilloscope, such as a Type 535A 
or Type 545A, the oscilloscope HORIZONTAL DISPLAY 
should first be set to ‘B’ INTENSIFIED BY ‘A’. Adjust the 
two sweep rates and the DELAY-TIME MULTIPLIER dial so 


4 Silicon diodes; 


very low leakage. 


22. Gated Integrator 
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the desired portion of the display is viewed by the ‘A’ 
sweep. Then, switching the HORIZONTAL DISPLAY switch 
to ‘A’ DEL'D BY ‘B’, the crt presentation will be that portion 
of the signal to be integrated. By using the + GATE A to 
turn on the integrator, the full crt display will then be the 
integral of the desired part of the original display. 


If the waveform is of a recurrent nature, it may be neces- 
sary to use external triggering to the Time-Base B external 
TRIGGER INPUT. If the waveform is a single-shot type, the 
system described above will function correctly. In either 
case, it may be advantageous to read the operating in- 
structions about the ‘A’ DEL’D BY ‘B’ mode of operation in 
the instruction manual for the oscilloscope used. 


Integration of a repetitive waveform requires the use of 
the Type O Unit INTEGRATOR LF REJECT switch to keep the 
integrated waveform on the crt. By using a gated integrator, 
it is possible to integrate a signal plus any reasonable dc 
component associated with the signal. Under such condi- 
tions the LF REJECT switch would be OFF. By virtue of the 
shorted feedback element when there is no turn-on gate, the 


Ext. Trig. 


D; = Very low leakage silicon diodes 


D. = Any signal diodes 


gated integrator is not subject to dc drift between gating 
periods. Therefore, it is possible to integrate essentially 
single-shot waveforms with a dc component included in the 
integral waveform. 


In any use of the gated integrator, refer to Chart 2-2 
so that errors will not be made due to the gain-frequency 
limits of the operational amplifier integrator. 


23. Stair-Step Generator | 


Another form of gated system is shown here with the B 
amplifier used as a multivibrator to gate an operational 
integrator. The integrator is fed a train of equal amplitude 
pulses via a ‘Bucket’ capacitor circuit to form a stair-step 
output waveform. 


With e; equal to the amplitude of the pulse feeding the 
operational integrator, the output amplitude per step Is 


€o per siep = 


Trigger 


Trigger 
Input 


Selector 
Switch 


23. Stair-step Generator 
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where K is the potentiometer setting (as a fraction of the 
pulse amplitude), C; is the input capacitor, and C; the feed- 
back capacitor. 


Diode coupling from the output stair-step to the + GRID 
of the B amplifier multivibrator assures the system will re- 
vert to zero output at the voltage of the back-to-back Zener 
diodes. 


Once reverted to essentially zero output, a trigger pulse 
is required at the multivibrator + grid to open the gate 
again and permit another stair-step cycle. Thus the circuit 


24. Function Generator 


The function generator 
makes simultaneous use of 
both operational amplifiers. 
The A amplifier functions as 
an integrator while the B 
amplifier functions as a flip- 
flop multivibrator. 


When the unit is switched 
on, the dc level at the output 
of the B amplifier is integrated 
by the A amplifier to form a 
linear ramp as shown by the 
waveform from the A output. 
When the ramp voltage 
reaches a certain level, it 
causes amplifier B to switch 
into its other state. The 
change in voltage at the out- 
put of B is integrated by A to 
form the remainder of the saw- 
tooth from A. The output from 
A is again applied to B and 
causes B to switch to_ its 
original state after the output 
of A reaches the required 
level. This completes one cycle 
of operation. The cycle then 
repeats. The operation of the 
circuit can be compared in 
many respects to a simple re- 
laxation oscillator. 


The frequency of the output 
is determined by the time re- 
quired for the voltage at the 
output of amplifier A to rise 
to the required switching level 
of B. This is determined by 
the value of R and C, and the 
setting of the FREQ. control. 
A nominal upper limit of 60 
ke is possible without seriously 
changing the waveforms from 
those shown. 


The output waveforms are 
modified by closing switch S17. 
This switch permits a diode to 
reduce the charging time for 
C in one direction only, changing the symmetrical ramp 
waveform to an unsymmetrical one as shown. This also 
affects the switching time of amplifier B and its duty cycle. 
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can either produce a continuous series of stair-steps, or only 
one at a time, on the arrival of a single trigger. To make 
it repetitive, connect the output stair-step to the trigger input. 


The maximum time per step (with good fidelity) is deter- 
mined by the value of C;. Two examples of maximum time 
limit per step, when C; is a .0l-uf capacitor, are: if C; = 
.001 uf, the maximum time per step is about 10 useconds; 
if C; = 47 pf, the maximum time per step is about 1 psec- 
ond. The minimum time per step is limited by the imped- 
ance of the driving source at C;, and by the bandwidth 
of the A amplifier. 


Z, SELECTOR Switch 


Frequency Range Switch 


Waveforms 
Vertical: 10 v/cm 
Horizontal: 1 msec/cm 


24. Function Generator 


The back-to-back Zener diodes at the output of amplifier 
B square off the tops and bottoms of the waveforms and 
limit their amplitude, providing a square-wave output. 
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25. Low-Frequency Sine- A R = 1.78 meg 
Wave Generator Sa ates Oa Lsps/ when aaiores tnt 


This circuit is a parallel-T 
oscillator. Feedback to the — 
grid becomes positive at the 
frequency indicated in the for- 
mula, while positive feedback 
is applied to the + grid at all 
frequencies. The amount of 
positive feedback to the + 
grid is sufficient to cause the 
amplifier to oscillate. In com- 
bination with the feedback to 
the — grid, feedback to the + 
grid can be used to stabilize 
the amplitude of. oscillations. 


The output of the oscillator 
is a stable sine wave with very 
low harmonic content. Output 
voltage is approximately 10 
volts, peak-to-peak. The non- 
linear resistance of the back- 
to-back Zener diodes is used 
to limit the output amplitude 
and maintain good linearity. 25. Low-Frequency Sine Wave Generator 


26. Segments Function Gen- 


SLOPE 
erator 


Controls 


| The simple segments func- 

/ | tion generator shown employs 
Zener diodes to determine the 

starting voltage of each seg- 

meg ment, and 200-k potentiome- 

ters to control the slope of the 
x segment after each Zener con- 


ducts. 


Many Tektronix oscilloscopes 
can provide the input signal 
from the SAWTOOTH OUT 
connector. The oscilloscope 
sweep generator therefore 
controls the waveform rate, 
either on a repetitive basis or 
on a manually- or externally- 
triggered single-shot basis. 


27. CRT Function Generator 


The top illustration shows 
the circuit and physical ar- 
rangement for a simple crt 
arbitrary function generator. 
A mask is placed over the 
face of the oscilloscope ert in 
the shape of the waveform to 
be generated. A light-sensitive 
element is then placed in front 
of the crt. The output of the 
high-gain operational amplifier 
is applied to the preamplifier 
to control the vertical position 
26. Segments Function Generator of the crt spot. The light- 
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sensitive element is connected 
so that a bright display moves 
the spot down. 


In operation, the crt spot is 
positioned (with the Position- 
ing controls) to be just above 
the highest edge of the mask. 
If the spot then moves higher, 
the additional light reaching 
the phototube moves the spot 
down. If the spot moves down 
too far, the reduced light 
moves the spot back up. The 
net result is that the spot 
stays at the edge of the mask. 
As the spot is swept horizon- 
tally by the oscilloscope sweep 
circuit, it follows the edge of 
the mask, tracing out the pat- 
tern. The dc-coupled voltage 
from the operational amplifier 
OUTPUT connector is nearly 
an exact replica of the mask. 
Any type of arbitrary function 
waveform can be generated 
by cutting out the proper mask 
and placing it over the oscil- 
loscope crt. 


The simple crt function gen- 
erator has upper rate limita- 
tions for the crt spot move- 
ment. These limitations are 
due to the response time of 
the light-sensing element, the 
bandwidth of the operational 
amplifier, and the type of 
phosphor and its light output. 
If a fast sweep rate is re- 
quired, it may be necessary 
to undercut the mask at sharp 
corners. Experimental masks 
will lead to the correct shape 
to give the desired waveform 
output. 


A more sophisticated version of the crt function generator 
is shown in the lower illustration. This system uses two 
light-sensing elements and two sets of polaroid filters for dif- 


Oscilloscope 
Main Unit 
Vertical Amp 
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SIMPLE SYSTEM Light Shield 


Light-sensitive 


element 


Oscilloscope 
Main Unit 
Vertical Amp 


Output 


FAST SYSTEM 
Light Shield 


Light-sensitive 


element 


Type O 


Preamp 


Low Z 
Output 


27. CRT Arbitrary Function Generator 


ferential operation. The response time of this system is 
greater than the simple system, with a limitation now includ- 
ing the oscilloscope delay line. 


28. Displaying B-H Curves for Magnetic Materials 


B-H curves for magnetic materials can be displayed using 
this circuit. A transformer is constructed using a core of 
the test material and the transformer is excited from the 
output of a variable autotransformer. The magnetic intensity 
H in the core is proportional to the current through the pri- 
mary winding. The voltage across a current sampling resistor 
in the primary circuit is applied to the horizontal deflection 
system of the oscilloscope. Horizontal deflection on the 
oscilloscope is thus proportional to H. 


The output voltage obtained from the secondary winding 
is proportional to the time rate of change of the flux. The 
transformer secondary voltage is applied to an integrator 


@! 


circuit which gives an output voltage proportional to the 
flux. The output of the integrator is applied to the pre- 
amplifier where it produces vertical deflection of the crt 
beam. Since the flux density B is equal to ¢/A (where A 
is the cross sectional area of the core), the oscilloscope 
vertical deflection is also proportional to B. 


The net result of the signals applied to the horizontal and 
vertical deflection systems is to produce patterns similar to 
those indicated. Vertical deflection is proportional to B 
and horizontal deflection is proportional to H. 


If it is desired to determine qualitative measurements of a 
transformer core from the oscilloscope display, the pro- 
portionality constants relating the horizontal and vertical de- 
flections to H and B must be determined (see page 4-4). 
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Transformer or 
core under test 


O 
To Vertical 
Amplifier 


Use INTEGRATOR LF REJECT 1 CPS 


Current proportional 


to H 
O 


To Horizontal 
Amplifier 


u 


(a) Three levels of supply voltage (c) Top: Normal B-H curve. 
an inductor. Bottom: Small de offset bias effect. 


| 
| 
+ 
| 
= 


a | 


(b) Same inductor, indicating residual (d) Normal B-H curve compared with 
magnetism. : case of one shorted turn. 


28. Displaying B-H Curves for Magnetic Materials 


ADDITIONAL APPLICATIONS 


The following applications are in schematic form only, offering suggestions for other uses of the Type O Unit. 


= 1-volt 


Pulses 


A. Bistable Multivibrator B. Free-running Multivibrator 
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High-freq. 
Response 


C. Bandpass amplifier 


* Any signal 
diodes, such 
as T13G 


F. Simple non-linear amplifier 


Positive or’ 


negative 


G. DC Slideback amplifier i H. Double integrator 
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Additional equipment that might be used for various 
applications of the Type O Unit is shown in the pictures 
following. Most of this equipment can be purchased 
locally. 


NOTE 


To use some of the equipment shown it will be 
necessary to use a BNC to UHF adapter. 


Several of the applications in this section have been 
constructed into front-panel plug-on adapters. The adapters 
have circuitry similar to the numbered application which 
follows the adapter name. 


013-010 129-001 129-045 


134-016 


134-013 134-014 


Fig. 3-5 
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Log Adapter (13) — Tektronix Part Number 013-067 
Gating Adapter (22) — Tektronix Part Number 013-068 
Compensating Adapter — Tektronix Part Number 013-081 


Leakage Current Adapter (19) — Tektronix Part Number 
013-068 


To provide independent operation of Type O Plug-In 
Units, the Type 132 or 133 Plug-In Unit Power Supply may 
be used. This will allow for a more versatile system. The 
Type 133 has a high current output. 


For additional information contact your local Tektronix 
Representative. 


Fig. 3-6. 
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General 


Information in this section of the manual is intended 
to provide some understanding of the theory of operational 
amplifiers. In addition, derivations presented in this section 
support some of the formulas that appear throughout other 
sections of this manual. 


Operational Amplifier 


An operational amplifier is basically a high-gain dc 
amplifier with feedback. The feedback elements selected 
permit the amplifier to perform various operations such 
as amplification by a constant factor, integration, differ- 
entiation, summation, etc. In conventional operational ampli- 
fiers, the feedback is negative. However, the operational 
amplifiers in the Type O Unit also permit positive feedback, 
thereby increasing the number of possible applications. 


Generalized Feedback Arrangement 


In the feedback operational amplifier shown in Fig 4-1, 
the summation of input and feedback currents is equal to 
zero at the input grid (assuming the input grid current Is 
negligible), or 


From Fig. 4-1 we find that 


Ci Cg 


as 7s (2) 


Co — Cg 


and lo = 7 * (3) 


Virtual 
Ground 


Fig. 4-1. Generalized feedback circuit. 
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SECTION 4 
THEORY OF 
OPERATIONAL 
AMPLIFIERS 


Substituting these values for i, and iz into equation (1), 
we have 


e; — eg Co — eg _ 
Since €g == eo/A (where A is the open-loop gain, a nega- 
tive number), equation (4) becomes 
Nea ae e 2 
eaeA ae A ae 
bara y He rere 0. (5) 
Rewriting equation (5): 
a ae Ge ca 
Z; Z, A Z; Z;A S (5) 
Then 
1 ] ] ae ej 
Ben 77h An ZA 7 
Solving for eo: 
= Z; ej 
= Se Je ie n Za (7) 
A Z; 
The gain of a closed-loop amplifier is 
€o Zs ] 
peat cana Coseeene 8 
G = ZA aces ( i Ee (8) 
A Z; 


Error Factor term. 


Virtual Ground at the — Grid 


(The concept of a virtual ground applies only when the 
+grid is grounded.) 


An operational amplifier with negative feedback tends to 
maintain a very small voltage change at the — grid ter- 
minal. Insofar as circuit behavior is concerned, it will ap- 
pear as if a very low impedance is placed between the 
— grid and ground; it is considered a ‘virtual ground”. 


To find the equivalent impedance at the — grid (Z,) refer 
to Fig. 4-1 again, where eg = eo/A.: 
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Assuming the — grid current to be negligible, the cur- 
rent entering the virtual ground terminal is equal to the 
current through Z;: 


€o 
ee a cnt ee 9) 
: Zs Z; 
and 
Go x 
. : BA, ces 
ee aad or ares a (10) 
The equivalent impedance looking into the — grid is 
obtained by dividing e, by ij, or 
€o 
e A Zs 
< iy ey aA 
Arete 
Z; 


Fig. 4-1 can now be redrawn as Fig. 4-2, with the feed- 
back resistor Zs; replaced by the equivalent resistance it 
creates, Zg, as shown at the — grid terminal. 


Virtual 
Ground 


Fig. 4-2. Equivalent virtual ground impedance at the — grid. 


Grid Current Calculations 


With no external resistor between the grid and ground, 
and with a capacitor in the Z; position, the rate, polarity, 
and amount of change in amplifier output voltage deter- 
mines the grid current. Fig. 4-3 illustrates a typical grid 
current measurement setup; the principle is valid for either 


the — grid or the + grid. 


Grid current is measured by essentially measuring the 
charge stored by capacitor C in a given time after S, is 
opened. 


q = Ce; then, with C constant, 


oe, de 
i=C aR ed (12) 
: Ae 
i= he (13) 
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(a) Measuring — GRID current. 


(b) Measuring + GRID current. 


Fig. 4-3. Typical grid current measurement circuits. 


If C in Fig. 4-3 is .001 pf, then 


A 
i = 0.001 x 1 ee = a nanoamperes. 


If the capacitor voltage (after opening S,) changes 2.5 
volts in 5 seconds, the current is 0.5 nanoampere. 


Combined Operations 


The two operational amplifiers in the Type O Unit per- 
mit combined operations to be performed. For example, 
a signal can be amplified by a desired constant using one 
amplifier, and its output can be applied to the other for 
integration or differentiation. 


Both operational amplifiers have zero input and output 
no-signal dc levels, permitting the amplifiers to be stacked. 
Stacking permits their operations to be combined, greatly 
increasing their applications. 


FORMULA DERIVATION 


The remainder of this section is used for the derivation 
of formulas employed in the Typical Applications portion of 
Section 3. 


Amplification by a Constant 


Application 1 shows an amplifier circuit. Both the input 
and feedback components are resistors. The concept of a 
virtual ground at the amplifier input is used in the follow- 
ing expression for the circuit gain. 


The total current entering and leaving the junction at the 
— grid must be equal to zero. If we consider the grid 
current to be negligible (a good approximation of the actual 
case), then all current entering the junction through R; must 
leave through R;. The current through R; must therefore be 
e;/R;. Because of the virtual ground at the — grid, the out- 
put from the amplifier is the voltage across Ry. The output 
voltage 


where the — sign results from the direction of the current 
through Ry. The gain of the amplifier is then 
€o Re 


eis —— een R 


Thus, the gain depends only on the input and feedback 
resistances. The gain can therefore be controlled by adjust- 
ing the ratio of R; to R;. In a practical application, use the 
desired gain to find the ratio of Ry to Rj and then select 
appropriate values to give this ratio. In many cases you 
can obtain the required ratio by means of the internal Z; 
and Z; resistors. In other cases it will be necessary to use 
external resistors. 


Integration 


Application 2 shows an operational amplifier used for 
integration. The circuit is the same as for amplification ex- 
cept that R; is replaced by a capacitor. Using the con- 
cept of the virtual ground, the current through R; is found 
to be ej/R;. Assuming the grid current to be negligible, 
the current through R; charges the feedback capacitor. The 
output of the amplifier is essentially the voltage across the 
capacitor, again because of the virtual ground at the grid 
of the amplifier. The voltage across the capacitor (and also 
the output voltage) is 


oo. = = fi dt, 


but since i = e;/R;, it can be written as 


~ ] 
o=- fe dt. 


Thus, the output voltage of the amplifier is proportional to 
the integral of the input voltage. The proportionality con- 
stant 1/RiC; gives the scaling of the output voltage. In a 
practical application, the values of R; and Cy must be chosen 
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to provide a useful output. If the values of either or both 
R, and C; are decreased, the output of the integrator will 
increase. The value of R; includes any internal resistance of 
the signal source and the virtual ground resistance at the 
input grid. 


A good starting point in a practical problem is to let the 
R:C¢ product equal (approximately) the period of the wave- 
form to be integrated. This choice generally results in a 
satisfactory output voltage. 


Integration tends to eliminate the high-frequency com- 
ponents in a waveform. This is because the output voltage 
from the integrator is inversely proportional to the fre- 
quency of the input. This can be seen if we assume a 
sinusoidal input waveform of the form e; = E sin ot. Sub- 
stituting for e; in the preceding equation: 


] 
—— af ot dt 


€o 


E t 
— cos 
RAG oe aan 
where E is the peak amplitude, w is the angular frequency, 
and t is time. 


This equation shows that the output voltage is inversely 
proportional to the frequency of the input signal. 


It should be noted that the output voltage is leading the 
input by exactly 90°. Thus the integrator can be used as 
a 90° phase shifter for sinusoidal input signals. 


The gain of an integrator circuit as a function of fre- 
quency is determined by 


Pare l > Baia ee 1 
Co R; Cy (0) R C; w 27R; C;f 
CS = 
ej E 
Differentiation 


The circuit for differentiation is shown in application 3. 
The input component is a capacitor and the feedback com- 


ponent is a resistor. Since the — grid is at virtual ground, 
the current through the capacitor at the input is 
. de; 
= C 3 
dt 


The output voltage is the voltage across the feedback 

resistor: 
= == IRs ; 

Substituting for i in the above equation: 

de; ; 

dt 

The output voltage of the differentiation circuit shown 
in application 3 is directly proportional to frequency. This 


is apparent if we assume an input signal of the form 
e; = E sin ot. Substituting in the preceding equation for e;: 


Qo == == Re C; 


— (E sin ot) 


eo = — ky GE @ Cos of: 
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The output voltage is thus proportional to frequency 
(w = 2zt) and is shifted 90° with respect to the input signal. 
This permits use of the differentiator as a 90° phase shifter 
and as a frequency-to-voltage converter as described in 
application 17. 


Summation 


Application 4 shows the circuit for a summing amplifier. 
Because of the virtual ground at the — grid, the current in 
the total R; network is 


Jee Se @2 e3 e4 en 
SR a Ve RR Ts R. R, 


The output voltage of the summing amplifier is obtained 
by multiplying R; by the current through it. 


R R R 
Neate! re Pan i tee 
! 3 
wie fe oih 
Ry e4 ; R,, n 


Any of the input voltages may be amplified by a con- 
stant before the summation is made. In the special case 
where 


R, = Rp = R3 = Rg = Rn = Re 
the equation reduces to 


@g = —(e; ter tes +ey... +). 


Displaying B-H Curves for Magnetic Materials 


The circuit for displaying B-H curves for magnetic mate- 
rials is illustrated as application 28. The magnetizing force 
H and the flux density B of a magnetic sample can be cal- 
culated from the following. 


H: Magnetizing Force 


The relation between H and the current in a magnetic 
core is given by 
Ni i 
" l 
where H is the magnetizing force in ampere-turns per meter, 
N, is the number of turns in the primary winding, i is the 
primary current in amperes, and 7 is the mean length of the 
magnetic path in meters. 
The voltage across the current sampling resistor is due 
to the primary current through it. This current is equal to 
e/r, where e is the voltage across r applied to the horizontal 


deflection system of the oscilloscope. Substituting for i 


in the equation: 


Nie 
LY 
The voltage e can be determined from the calibrated 


horizontal deflection factors of the oscilloscope. Since all 
other factors are known, H can then be determined. 


H = 
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o: Flux 
The secondary voltage of the transformer e2 is given by 


d 
en = Ns SP 


where N2 is the number of secondary turns in the trans- 
former, and dd/dft is the time rate of change of flux. Since 


dt, 


2 
2 


dé = N 


s=/F dt. 


If the secondary voltage of the transformer is applied 
to the O Unit integrator circuit, the output voltage from 
the integrator is 


] 
= — ai —fe dt. 


It can be resolved from the preceding equations that 


s N2 
Co R, C o and 


Asi Ri Ce 
o=— Nan 2, 


The output voltage from the integrator circuit eg can be 
measured from the oscilloscope display by means of the 
calibrated vertical deflection factors. Since all other factors 
are known, the flux can be calculated. 


B: Flux Density 


The flux density B is the total flux ¢ divided by the 
cross sectional area A, or B= @/A. The cross sectional 
area of the core can be determined from its physical 
dimensions. Substituting for @ in the preceding equation 
and solving for B: 


Ri Cs 
Nz A 
It is therefore possible to determine both H and B from 


the oscilloscope display and the constants of the parti- 
cular configuration. 


B= ~— Ce 
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General 


This section of the manual describes the Type O Unit 
circuitry with reference to the block diagram and schematics 
in Section 9. 


Block Diagram 


The block diagram shows that the output of the two opera- 
tional amplifiers and the external input signals are indivi- 
dually applied to the VERTICAL DISPLAY switch. The switch 
selects the desired input and applies it to a step attenuator. 
The attenuator reduces the signal to the required level before 
it is applied to the amplifier stages. The output of the 
amplifiers is then applied to the vertical amplifier of the 
oscilloscope. 


Preamplifier 


Input signals to the preamplifier are selected by the 
VERTICAL DISPLAY switch. Signals are then applied through 
the ZERO CHECK switch to the VOLTS/CM switch and. its 
attenuator. The ZERO CHECK switch allows input signals 
to be quickly disconnected so that the zero-signal dc level 
of the preamplifier can be determined. 


The VOLTS/CM switch attenuators are frequency-compen- 
sated voltage dividers that reduce the input signal amplitude 
to a level suitable for driving the grids of the input stage. 
Each attenuator presents an input impedance of 1 megohm 
paralleled by 47 pf, regardless of signal frequency. The 
frequency compensation is accomplished by a _ variable 
capacitor across the input resistor of each divider. The in- 
put capacitance is adjusted with a variable capacitor in 
parallel with both resistors of the divider. In the <2 atten- 
vator, for example, these capacitors are C6508C and Cé6508B, 
respectively. 


No attenuator is used in the .05 position of the VOLTS/CM 
switch. The preamplifier input capacitance in this position 
is adjusted to 47 pf by means of either C6521 or C6541, de- 
pending on whether the VERTICAL DISPLAY switch is set to 
a + or — position. 


Input signals from the attenuator are applied to the grid 
of either V6524 or V6544 depending on the setting of the 
VERTICAL DISPLAY switch. Positive-going signals applied 
to the grid of V6524 appear on the oscilloscope crt in the 
normal position. Positive-going signals applied to the grid 
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of V6544 are inverted. Resistor R6518 prevents excessive 
input tube grid current if a large positive signal is applied 
to the input without attenuation. C6518 prevents R6518 from 
affecting the high-frequency response of the amplifier. 


The input stage of the preamplifier, V6524 and V6544, is 
a cathode-coupled paraphase amplifier. The signal is 
applied to one grid, and the other grid is at ac ground at 
all times. Cathode coupling produces equal and opposite 
(push-pull) output signals. The VARIABLE control R6530 (con- 
centric with the VOLTS/CM switch), varies the cathode de- 
generation and hence the stage gain. With the VARIABLE 
control at its detent position (minimum resistance), the GAIN 
ADJ. control R6536 is used to set the preamplifier maxi- 
mum gain by varying the total cathode current. 


The DC BAL. contro! R6533 permits an exact balance in 
dc cathode currents of V6524 and V6544. This prevents any 
change in de voltage at the cathodes of V6524 and V6544 
when the VARIABLE control is rotated. When the DC BAL. 
control is adjusted correctly, the crt trace will not shift verti- 
cally when the VARIABLE control is rotated. 


The push-pull output of the paraphase amplifier is applied 
directly to the bases of output amplifier transistors, Q6564 
and Q6574. The output amplifier is a difference amplifier 
with emitter coupling. The emitter-coupling network employs 
a time constant equal and opposite to the transistor thermal 
time constant, providing low-frequency gain stabilization. 
The collector circuits contain networks to improve the high- 
frequency response of the amplifier. L6564 and L6574 peak- 
ing coils are adjustable, permitting proper collector circuit 
compensation for the capacitance of the interconnecting 
plug and the oscilloscope main-unit vertical amplifier. 


The preamplifier input capacitance is stabilized against 
changes in the setting of the VARIABLE VOLTS/CM control 
by neutralization from the collectors of Q6564 and Q65/4 
to the grids of V6524 and V6544. When a signal is applied 
to the grid of V6524, for example, the collector voltage of 
Q6564 changes in the same direction as the cathode of 
V6524. When the VARIABLE control is rotated, increasing its 
resistance, the signal voltage appearing at the cathode of 
V6524 will increase while the signal voltage appearing at 
the cathode of V6544 will decrease. When neutralizing 
capacitor C6574 is properly adjusted, the change in effec- 
tive capacitance between the grid and cathode of V6524 
will be offset by the opposite change in effective capaci- 
tance between the grid of V6524 and the collector of Q6564. 
The net result is that the effective input capacitance re- 
mains constant. The same effect is produced on the other 
side of the amplifier when the signal is applied to the grid 
of V6544. 
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Operational Amplifiers 


Since the two operational amplifiers are identical, only 
the Amplifier A will be discussed. 


Input signals to the operational amplifier are normally 
applied through the A INPUT connector on the front panel 
of the unit. The signals are then connected through the 
input impedance selected by the Z; SELECTOR switch to the 
grid of V5524. Or, the input signals may be applied directly 
to the grid through the — GRID connector (or the + GRID 
connector, providing the + GRID SEL switch is in the (—) 
position). Signals connected directly to the —GRID con- 
nector bypass the Z; SELECTOR switch. 


Tubes V5524 and V5534 comprise an input difference 
amplifier stage. Signals applied to the grid of V5524 (the 
—grid) are inverted at the A OUTPUT connector while 
signals applied to the grid of V5534 (the + grid) are not 
inverted. Signals applied to either grid are amplified and 
applied from the plate of V5524 to the bootstrap cathode 
follower V5543A. The polarity of the signal at the grid of 
V5543A depends upon the polarity of the input and on 
whether the signal is applied to the + or — grid. 


Type O plug-ins from serial number 814 and up have 
the Zener diodes replaced by more temperature-stable 
components. 


Zener diode D5528 has been replaced by the combina- 
tion of Q5523 and V5539. In the later circuit the voltage 
regulator tube V5539 sets the base-to-collector voltage 
of Q5523. V5539 is maintained in a conducting state by 
current supplied through R5539 from the —150 volt supply. 
The emitter voltage of Q5523 will follow the base voltage 
so that from emitter to collector, the transistor will have a 
voltage across it of about 82 volts. 


With a constant voltage established across the trans- 
sistor the current through the transistor will be constant. 
The percent of drift per degree centigrade is less for both 
the voltage regulator tube and the transistor than it Is 
for the Zener diode. This circuit will therefore provide 
extremely good stability with temperature changes. 


At serial number 814 Zener diode D5529 was replaced 
by the series combination of D5529 (a smaller voltage 
Zener diode) and V5529. V5529 is a voltage regulator tube 
which has a very small percentage of drift per degree. 
D5529 has been installed in series with V5529 to provide 
the proper voltage. 


The temperature stability of a Zener diode improves 
as the voltage rating of the Zener diode approaches five 
or six volts, hence this circuit will have very good stability 
with a temperature change. 


The plate load resistors of V5524 are part of a bootstrap 
circuit driven by the cathede of V5543A through Q5523 
(Zener diode D5528) and capacitor C5528. The bootstrap 
circuit makes the plate load resistors of V5524 appear 
larger than they actually are, and the supply voltage 
(+350 v) much higher than it actually is. This permits the 
plate voltage of V5524 to rise and fall with almost no 
change in plate current. 


V5543A also drives the grid of the output cathode follower 
V5543B through V5529, D5529 (Zener diode D5529) and 
capacitor C5529. Any voltage change at the cathode of 
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V5543A is coupled to the grid of V5543B without attenua- 
tion. D5529 assures that the A OUTPUT connector voltage 
can be set at ground. 


The open-loop gain of this system is less than 2500. To 
increase the gain, a small amount of positive feedback is 
applied from the A OUTPUT terminal to the cathodes of the 
input stage through R5547 and the OPEN LOOP GAIN A 
control R5548. 


To assure that the A OUTPUT connector voltage can be 
set at ground, the screen voltage in the input stage is adjust- 
able. The DC LEVEL RANGE A control (internal adjustment) 
and the front-panel OUTPUT DC LEVEL control permit the 
screen voltage of one of the input tubes to be raised while 
the screen voltage of the other tube is lowered. Thus the 
conduction of V5524 can be changed to suit the required 
ground level output voltage when there is no input signal. 


The front-panel OUTPUT DC LEVEL ADJ. switch, SW5520, 
allows the output dc level of the operational amplifier to 
be adjusted to ground even when input circuits and signals 
are connected. SW5520 disconnects all input circuitry to the 
amplifier and switches in a feedback network that makes 
the operational amplifier gain 100. The 100 gain permits 
the operator to make the OUTPUT DC LEVEL adjustments 
with good display resolution. 


A second form of screen voltage adjustment of the input 
tubes permits the selection of the amplifier operating condi- 
tions that are required for minimum grid current. Minimum 
grid current occurs when the operating bias of the input 
tubes is adjusted to the correct value. A limited adjust- 
ment range for the screen voltage of the input amplifier 
(an adjustment that changes both screen voltages equally), 
assures that the proper operating conditions for minimum 
grid current can be obtained. By adjustment of the GRID 
CURRENT A control, R5535, the input stage operating bias 
can be changed to the optimum value without appreciably 
affecting the system gain. Since the V5524 plate circuit is 
a bootstrap system, a change in the bias caused by a small 
change in the screen voltage will not significantly disturb 
the output dc level. 


When an operational amplifier is connected for integra- 
tion, normal amplifier drift and small dc components of the 
signal will also be integrated. The result is that the dis- 
play will be slowly forced off the crt. To prevent this, a 
special feedback network can be switched in series with 
the integrator Z; component. The special network is com- 
posed of R5514, R5515, C5514, and C5515. With the front- 
panel INTEGRATOR LF REJECT switch in either the 1 CPS or 
1 KC position, any de or low-frequency changes at the A 
OUTPUT connector are applied through the feedback net- 
work to the grid of V5524, restoring the trace position on 
the crt. The high-frequency components of the integrated 
signal are not fed back to the grid of V5524. 


By means of the INTEGRATOR LF REJECT switch, the 
time constant of the feedback network can be selected. In 
the 1 CPS position, the time constant of the feedback net- 
work is about 1 second. Signals much above 1 cps are not 
fed back to the grid of V5524. In the 1 KC position, the 
time constant is about 1 millisecond. In this case signals 
much above 1 kc are not fed back to the grid of V5524. 
The 1 KC position can be used to prevent the integration of 
line-frequency hum pickup or other noises, while still per- 
mitting the integration of desired signals above 1 kc. 


PREVENTIVE MAINTENANCE 


Calibration 


The Type O Plug-In Unit will not require frequent cali- 
bration. However, to insure that the unit is operating 
properly at all times we suggest that you check the calli- 
bration after each 500-hour period of operation (or every 
six months if the unit is used intermittently). A complete 
step-by-step procedure for calibrating the unit and checking 
its operation is given in the Calibration Section of this 
manual. 


The accuracy of measurements made with the O Unit 
depends not only on the accuracy of calibration, but also 
on the calibration of the associated oscilloscopes. It Is 
important for the oscilloscope to be maintained in proper 
calibration. 


Visual Inspection 


Troubles can sometimes be found by a visual inspection 
of the unit. For this reason, you should perform a complete 
visual check every time the instrument is calibrated or 
repaired. Look for such defects as loose or broken con- 
nections, damaged connectors, improperly seated tubes, 
scorched or burned parts, broken terminal strips, etc. The 
remedy for these troubles is apparent, except for heat- 
damaged parts. Heat damage is often the result of other, 
less apparent trouble. It is essential for you to determine 
the cause of overheating before replacing damaged parts. 


Tube Checks 


Tube-tester checks on the tubes used in the Type O 
Unit are not recommended. Tube testers sometimes indicate 
a tube to be defective when that tube is operating satis- 
factorily in a circuit, or they may fail to indicate tube 
defects which affect the performance of the circuits. The 
criterion for useability of a tube is whether or not it works 
properly in the circuit. If it does not, then it should be 
replaced. Unnecessary replacement of tubes is not only 
expensive but may also result in needless recalibration of 
the instrument. 


To obtain maximum reliability and performance, we 
check some of the tubes used in our instruments for such 
characteristics as Gp, microphonics, balance, etc. We age 
other tubes to stabilize their characteristics. The checked 
tubes are labeled and identified with a part number be- 
ginning with 157. Raw-stock . . . that is, unchecked tubes 

. are unlabeled tubes assigned the part number 154. 
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MAINTENANCE 


COMPONENT REPLACEMENT 


General 


The procedures for replacing most parts in the O Unit 
are easy. Detailed instructions for their removal are there- 
fore not required. In some cases, however, additional in- 
formation may help you. This information is contained in 
the following paragraphs. Because of the circuit con- 
figuration, it will be necessary to recalibrate portions of 
the circuit when certain parts are replaced. Refer to the 
Calibration Section of this manual. 


Switches 


Procedures for the removal of defective switches are, for 
the most part, obvious and only a normal amount of care 
is required. If a switch is removed, careful notation of the 
leads to the switch should be made to facilitate connect- 
ing the new switch. 


Single wafers are not normally replaced on the switches 
used in the O Unit. If one wafer is defective, the entire 
switch should be replaced. Switches may be ordered from 
Tektronix either unwired or with parts wired in place. 


Soldering and Ceramic Strips 


Many of the components in your Tektronix instrument are 
mounted on ceramic terminal strips. The notches in these 
strips are lined with a silver alloy. Repeated use of ex- 
cessive heat, or use of ordinary tin-lead solder will break 
down the silver-to-ceramic bond. Occasional use of tin-lead 
solder will not break the bond if excessive heat is not ap- 
plied. 


If you are responsible for the maintenance of a large 
number of Tektronix instruments, or if you contemplate 
frequent parts changes, we recommend that you keep on 
hand a stock of solder containing about 3% silver. This 
type of solder is used frequently in printed circuitry and 
should be readily available from radio-supply houses. If 
you prefer, you can order the solder directly from Tektronix 
in one-pound rolls. Order by Tektronix part number 251-514. 


Because of the shape of the terminals on the ceramic 
strips it is advisable to use a wedge-shaped tip on your 
soldering iron when you are installing or removing parts 
from the strips. Fig. 6-1 will show you the correct shape 
for the tip of the soldering iron. Be sure to file smooth 
all surfaces of the iron which will be tinned. This prevents 
solder from building up on rough spots where it will quickly 
oxidize. 
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Fig. 6-1. Soldering iron tip properly shaped and tinned. 


When removing or replacing components mounted on 
the ceramic strips you will find that satisfactory results are 
obtained if you proceed in the manner outlined below. 


1. Use a soldering iron of about 75-watt rating. 
2. Prepare the tip of the iron as shown in Fig. 6-1. 


3. Tin only the first 4g to Vg inch of the tip. For solder- 
ing to ceramic terminal strips tin the iron with solder 
containing about 3% silver. 


4. Apply one side of the tip to the notch where you wish 
to solder (see Fig. 6-2). ; 


Fig. 6-2. Correct method of applying heat in soldering to a 
ceramic strip. 


5. Apply only enough heat to make the solder flow freely. 


6. Do not attempt to fill the notch on the strip with solder; 
instead, apply only enough solder to cover the wires 
adequately, and to form a slight fillet on the wire as 
shown in Fig. 6-3. 


In soldering to metal terminals (for example, pins on a 
tube socket) a slightly different technique should be em- 
ployed. Prepare the iron as outlined above, but tin with 
ordinary tin-lead solder. Apply the iron to the part to be 


6-2 


Fig. 6-3. A slight fillet of solder is formed around the wire when 
heat is applied correctly. 


soldered as shown in Fig. 6-4. Use only enough heat to 
allow the solder to flow freely along the wire so that a 
slight fillet will be formed as shown in Fig. 6-4. 


Fig. 6-4. Soldering to a terminal. Note the slight fillet of solder 
—exaggerated for clarity—formed around the wire. 


General Soldering Considerations 


When replacing wires in terminal slots clip the ends 
neatly as close to the solder joint as possible. In clipping 
ends of wires take care the end removed does not fly 
across the room as it Is clipped. 


Occasionally you will wish to hold a bare wire in place 
as it is being soldered. A handy device for this purpose 
is a short length of wooden dowel, with one end shaped 
as shown in Fig. 6-5. In soldering to terminal pins mounted 
in plastic rods it is necessary to use. some form of “heat 
sink" to avoid melting the plastic. A pair of long-nosed 
pliers (see Fig. 6-6) makes a convenient tool for this purpose. 
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Fig. 6-5. A soldering aid constructed from a Ys inch wooden 
dowel. 


Ceramic Strips 


To replace strips which mount with snap-in plastic fit- 
tings, first remove the original fittings from the chassis. 
Assemble the mounting post on the ceramic strip. Insert 
the nylon collar into the mounting holes in the chassis. 
Carefully force the mounting post into the nylon collars. 
Snip off the portion of the mounting post which protrudes 
below the nylon collar on the reverse side of the chassis. 


Fig. 6-6. Soldering to a terminal mounted in plastic. Note the 
use of the long-nosed pliers between the iron and the coil form 
to absorb the heat. 


NOTE 


Considerable force may be necessary to push the 
mounting posts into the nylon collars. Be sure 
that you apply this force to that area of the 
ceramic strip directly above the mounting posts. 


TROUBLESHOOTING 


General Troubleshooting Information 


This portion of the manual is intended to help you trouble- 
shoot the Type O Unit. 
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Since the Type O Unit derives all of its operating volt- 
ages from the oscilloscope, and depends on the oscilloscope 
for its display, you must be sure that the oscilloscope is 
not the cause of trouble. Trouble can usually be isolated 
to either the oscilloscope or plug-in unit by substituting 
another plug-in for the suspected one and checking for 
proper operation. Or you can insert the suspected O Unit 
in another oscilloscope and check for proper operation. 


If trouble occurs in the Type O Unit, try to isolate it 
by quick operational and visual checks. First check the 
settings of all controls. Then operate the controls to see 
what effect, if any, they have on the trouble. The normal 
or abnormal operation of each control may help you to 
establish the trouble symptoms. (The cause of trouble which 
occurs only in certain positions of a control can usually be 
determined immediately from the trouble symptoms.) 


After the trouble symptoms are established, look first 
for simple causes of trouble. Check to see that the pilot 
light of the oscilloscope is on, feel for any irregularities 
in the operation of the controls, listen for any unusual 
sound, see that the tube filaments are lit, and visually check 
the entire instrument. The type of trouble will generally 
indicate the checks to make. 


In general, a troubleshooting procedure consists of two 
parts: circuit isolation and circuit troubleshooting. Since 
the Type O Unit is a relatively simple unit, divided into 
three independent circuits, it will be apparent which of 
the three is defective. After isolating the circuit, you can 
then troubleshoot in the circuit to find the cause of the 
trouble. 


Table 6-1 lists troubles which can occur in the Type O 
Unit, the probable causes, and checks to make. The table 
is divided into two sections, the Preamplifier and the Opera- 
tional Amplifiers. If trouble occurs, determine which section 
of Table 6-1 to use. Then try to identify the trouble with 
one of the steps in the table. 


Most troubles will be caused by tube or semiconductor 
failures. Therefore, when trouble has been isolated to a 
circuit, the tubes and semiconductors in that circuit should 
be checked (by substitution). Be sure to return tubes and 
transistors found to be good to their original socket. 


Switch wafers shown with the circuit diagrams are coded 
to indicate the position of the wafer on the switches. The 
number portion of the code refers to the wafer number of 
the switch assembly. Wafers are numbered from the front 
of the switch to the rear. The letters F and R indicate 
whether the front or the rear of the wafer is used to per- 
form the particular switching function. 


Test Points 


Major test points in the unit are shown on the schematics 
and in Fig. 7-1. A test point is indicated by a number with 
a line indicating the location of the test point in the cir- 
cuit. Test points are used as an aid in troubleshooting 
and calibrating the unit, and reference to these points is 
made in Table 6-1 and in the Calibration Procedure (Sec- 
tion 7). 

Voltage measurements, and the conditions under which 
they were obtained, are shown on the schematics. 


Test points on the schematics are numbered consecutively 
starting with the diagram for the Preamplifier. Numbers 
increase from right to left across the page. The Opera- 
tional Amplifiers have identical test points and voltages. 
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TABLE 6-1 


TROUBLE PROBABLE CAUSE CHECKS TO MAKE 


PREAMPLIFIER 


1. Gain of all signals low. 1. Front-panel GAIN ADJ. 1. Check gain with the calibrator signal. 
needs adjustment. 2. If unable to get enough gain, check 
2. Oscilloscope vertical ampli- the oscilloscope amplifier by using a 
fier gain needs adjustment. Gain-Set Adapter between the plug-in 


and the oscilloscope. 


2. Trace shifts vertically as VARIABLE DC BAL. control needs adjust- Adjust the DC BAL. control until the trace 
control is rotated. ment. does not move as the VARIABLE control 
is rotated. 


D6576 shorted. D6576 should have 6.3 volts across it. 
If shorted, test points (1) and (3) will show 
higher than normal voltage. 


3. Severe loss of gain and the vertical 
POSITION control works backward. 


4. When the unit is in a dual-sweep scope C6539 open. Check C6539. 

such as a 535A or 545A, noise is observed C6576, C6582, C6584, C6586, Check all power-supply by-pass capaci- 
on trace when the B Sweep is running at C6588 or C6589 open. tors. 

10 pSEC/CM. 

5. Noise on trace when both operational Same as step 4. Same as step 4. 


amplifiers are used as multivibrators at 
full 5-ma_ output. 


6. Oscillations appear with signal near 
the top or bottom of the crt, but not in 
the center two centimeters. 


C6564 or C6574 need adijust- 


ment. 


See adjustment 10 in Calibration Pro- 
cedure. 


C6589 shorted. 
C6576 shorted. 


If either C6589 or C6576 are shorted, 
look for damaged D6576, Q6564, Q6574, 
and tube heaters or resistors in oscillo- 
scope that are in series with interconnect- 
ing plug terminal No. 15. Also look for 
burned resistors associated with Q6564 
and Q6574. 


7. Tube heaters cold, oscilloscope +100- 
volt power supply out of regulation. - 


OPERATIONAL AMPLIFIERS 
SN 814-up 


1. Constant gain about half normal, and 
output voltage at about +25 volts. 


Q5523 (A) or Q5573 (B) shorted. 
Q5529 (A) or C5579 (B) shorted. 


The transistor should have approximately 
85 volts across it. If shorted, replace, and 
check to see if R5523 (A) or R5573 (B) 
has been damaged. Replace if there is 
doubt. 

Check C5529 (A) or C5579 (B). 


2. Overshoot of calibrator signal at unity D5529 (A) or D5579 (B) shorted. 
gain with Z; and Z; both at 1 MEG. Out- C5528 (A) or C5578 (B) shorted. 
put voltage about 3 or 4 volts negative. 


The Zener diode should have approxi- 
mately 11 volts across it. If shorted re- 
place. 

Check C5528 (A) or C5578 (B) for short. 
Check R5523 (A) or R5573 (B) for damage. 


SN 101-813 


1. Constant gain about half normal, and D5529 (A) or D5579 (B) shorted. The Zener diode should have from 95 


output voltage at about +25 volts. C5529 (A) or C5579 (B) shorted. to 105 volts across it. If shorted, re- 
place, and check to see if R5523 (A) or 
R5573 (B) has been damaged. Replace 
if there is doubt. 
Check C5529 (A) or C5579 (B). 
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TROUBLE | PROBABLE CAUSE | CHECKS TO MAKE 


All serial ranges 


' Check R5509, F and G (A). | 
Check R5559, F and G (B). 


With internal feedback resistors: 
R5509, F and G (A), or R5559, 
F and G (B), open. 

With external feedback resis- 
tors: use Error Factor formula, 
page 4-1. 


3. Gain of operational amplifier low for 
high resistance values in constant-gain 
circuit. Gain is correct for low resistance 
values. 


-+-GRID SEL switch is in + posi- 
tion, and the + grid circuit is 
open. 


4. Trace is shifted off crt from normal 
position. Can be returned to crt with 
vertical POSITION control. Operational 
Amplifier is very sensitive to external line- 
frequency interference. 


Place +GRID SEL switch in (—) position, 
or ground + grid. 


NOTES 


introduction 


The following procedure should be used to calibrate the 
Type O Operational Amplifier Plug-In Unit. The instrument 
should not require frequent calibration, but occasional adjust- 
ments will be necessary when tubes and other components 
are changed. Also, a periodic recalibration is desirable 
from the standpoint of preventive maintenance. 


Apparent troubles in the instrument are occasionally the 
result of improper calibration of one or more circuits. Con- 
sequently, calibration checks should be an integral part of 
any troubleshooting procedure. Abnormal indications during 
calibration checks will often aid in isolating troubles to a 
definite circuit or stage. 


In the instructions that follow, the steps are arranged in 
the proper sequence for a complete calibration of the unit. 
Each step contains the information required to make one 
check or adjustment or a series of related checks or adjust- 
ments. The steps are arranged to avoid unnecessary repeti- 
tion of checks or adjustments. 


EQUIPMENT REQUIRED 


NOTE 


It may be necessary to use BNC to UHF adapters, 
on some instruments, to be able to calibrate the 
instrument using the following procedure. If your 
instrument is equipped with BNC connectors, then 
the Input Time Constant Normalizer with BNC 
connectors (011-0068-00) must be used. If a UHF 
Input Time Constant Normalizer is used along with 
an adapter, then the unit will be normalized to 
approximately 45 pF. The adapter adds about 
2 pF to the Input Time Constant Normalizer. 


The following equipment or its equivalent is required to 
perform a complete calibration of the Type O Unit. 


1. An accurate DC voltmeter with a sensitivity of 5000 ohms 
per volt or better. 


2. An ohmmeter. 


3. An oscilloscope having a bandpass of at least 30 MHz in 
which to insert the Type O Unit during calibration, such as 
a Tektronix Type 540, 550 or 580 series oscilloscope. The 
test oscilloscope square-wave transient adjustment must be 
correct. 


4. Standard amplitude calibrator. Accuracy within 0.25%; 
signal amplitude, 5 millivolts to 50 volts; output frequency of 
approximately 1 kHz. Tektronix calibration fixture 067-0502-00 
recommended. 


5. Square-wave generator. Frequency, 1 kHz and 500 kHz; 
risetime, 20 ns or faster from high-amplitude output; 1 ns or 
faster from first-rise output. High-amplitude output variable 
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from 0.2 volts to 12 volts into a 50-ohm load, about 7 volts 
to 120 volts unterminated. Fast-rise output variable from 0.2 
volts to .5 volts into a 50-ohm load. Tektronix Type 106 
Square-Wave Generator recommended. 


6. (Optional). Constant amplitude signal generator. Capable 
of generating sine wave of constant amplitude from 350 kHz 
through 30 MHz with an output impedance of 50 ohms. Tek- 
tronix Type 191 Constant Amplitude Signal Generator recom- 
mended. 


7. A 47-pF Input Normalizer. On plug-in units with UHF type 
connectors order Tektronix Part No. 011-0030-00; for units 
with BNC type connectors order Tektronix Part No. 011-0068- 
00. 


8. A 6-inch plug-in extension, Tektronix Part No. 013-0055-00. 


9. A 50-ohm 42-inch coaxial cable with BNC connectors on 
each end. Order Tektronix Part No. 012-0057-01. 


10. Coaxial cable. Impedance, 50 ohms; Type RG8/213; 
length, five nanoseconds; connectors, GR874. Tektronix Part 
No. 017-0502-00. Supplied with items 5 and 6. 


11. In-line termination. Impedance, 50 ohms; connectors, 
GR input with BNC male output. Tektronix Part No. 017- 
0083-00. Supplied with items 5 and 6. 


12. 10X attenuator. Impedance, 50 ohms; connectors GR- 
Type. Tektronix Part No. 017-0078-00. 


13. Adapter, GR to BNC male. Tektronix Part No. 017-0064- 
00. 


14. Additional adapter (for plug-in units with UHF con- 
nectors). UHF male to BNC female. Tektronix Part No. 103- 
0015-00. 


15. One 18-inch patch cord. BNC to banana plug connectors. 
Tektronix Part No. 012-0091 -00. 


16. One 18-inch patch cord. Banana plug connectors. Tek- 
tronix Part No. 012-0031 -00. 


17. Double banana plug adapters (three). General Radio Type 
274-MB. 


18. Capacitor. 1 uF, 100 V. 


19. Two 6-inch patch cords. For plug-in units with BNC con- 
nectors use Tektronix Part No. 012-0088-00; for UHF con- 
nectors, use Tektronix Part No. 012-0023-00. 


20. A 10kQ, 1%, Y2-watt resistor 
21. A 27-ohm, 10%, 1-watt resistor. 


22. Grid Current Checker, Tektronix Part No. 067-0507-00. 
A very low-leakage capacitor and a SPST switch may be 
substituted for the O Unit Grid Current Checker. The Ca- 
pacitor and switch, if used, should be wired as per Fig. 
4-3 in this manual. Note: Polystyrene and mylar type ca- 
pacitors have very low leakage. 
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23. Assorted alignment tools: 


1—Jaco No. 125 insulated low-capacitance-type screw- 
driver with 11/. inch long shank and '/ inch wide metal 
tip. Total length is 5 inch. Tektronix Part No. 003- 
0000-00. 


1—Low-capacitance alignment tool, Tektronix Part No. 


003-0007-00; 
Consisting of: 


1—Gray nylon insert with wire pin, Tektronix Part 
No. 0308-00. 


1—White cymac insert with wire pin, Tektronix Part 
No. 003-0309-00. 


1—Gray nylon insert with metal screwdriver tip, 
Tektronix Part No. 003-0334-00. 


]—'/,4 inch hexagonal wrench insert, Tektronix Part 


No. 003-0310-00. 
1—Nylon handle, Tektronix Part No. 003-0307-00. 


PRELIMINARY PROCEDURE 


Make a complete visual check of the plug-in unit. Be 
careful not to change any of the lead dress around the Zi— 
Z; SELECTOR switches. 


Make resistance checks from each interconnecting plug 
terminal to ground. The resistance values should be approxi- 
mately as listed in Table 7-1. 


TABLE 7-1 


Interconnecting Plug Terminal 
Resistance to Ground 


Pin Number | Resistance | Pin Number | Resistance 

| 3.9 kO 2) 0.5M 

2 0 10 1.5kOQ 

3 3.9 kO 11 4.7 kQ 

4 Infinite 12 0.5 M 

5 Infinite 13 Infinite 

6 Infinite 14 Infinite 

7 Infinite iS 70Q 

8 Infinite 16 Infinite 


CHECK AND ADJUSTMENT PROCEDURE 


Calibration of the Type O Unit requires that the line 
voltage be at the value indicated at the rear of the oscillo- 
scope, near the power cord. 


Install the Type O Unit in the oscilloscope and turn on 
the power. Let the instrument warm up for a few minutes. 


Preamplifier 
1. Adjust Front-Panel Controls 


Set the Type O and oscilloscope controls as follows: 


Type O Unit 

Preamplifier controls 
POSITION Midrange 
VERTICAL DISPLAY +DC 
VARIABLE CALIBRATED 
VOLTS/CM 05 

Operational Amplifier controls (both channels) 

“GRID SEL =) 
Z; SELECTOR 1 MEG 


Z; SELECTOR 1 MEG 
INTEGRATOR LF REJECT OFF 


Type 545B Oscilloscope 


Stability Preset 
Triggering Level As is 
Triggering Mode Auto 
Trigger Slope +Int 
Time/Cm ] mSec 
Variable (Time/CM) Calibrated 
Horizontal Display A 
5X Magnifier Off 
Horizontal Position and Midrange 
Vernier 
Amplitude Calibrator Off 
Intensity 1 CGW: 
NOTE 


The Type 545B Oscilloscope utilizing Time Base A 
was used in this Calibration Procedure. If a sub- 
stitute oscilloscope is used, adapt the control set- 
tings given in the procedure to the oscilloscope 
being used. 


2. Check Vertical System Electrical Center 


Turn the Intensity control clockwise to produce a visible 
trace. Remove the oscilloscope left side panel. Locate the 
vertical system electrical center by shorting between the two 
test points marked [1], Fig. 7-1 or Fig. 7-2, with the 27- ohm 
resistor. Position the trace with the POSITION control for 
no movement of the trace as the test points marked [1] are 
shorted and then unshorted. Record the trace location for 
future reference. 
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CURRENT A 


RA 
4 
da 
= 
RANGE 


% 
VERT, POS. 


~ 


eY: 


A56-888 


7 $1779 10,41) 13 
oe 
CHANNEL B 


Fig. 7-1. Voltage test point locations for units SN 2950 and 


3. Check Preamplifier DC Output Level 


The voltage at the output leads of the plug-in unit (test 
point [1]) must be between 65 and 70 volts above ground. 
The preferred value for the output voltage is +67 volts. If 
an output transistor is shorted, the output voltage will be 
near 72 volts for the lead connected to the shorted transisor. 


4. Adjust DC Balance 


With the trace centered, adjust the DC BAL. control until 
there is no trace movement as the VARIABLE (VOLTS/CM) 
control is rotated. Return the VARIABLE control to the CALI- 
BRATED position. 


5. Adjust Vertical Position Range 


Set the O Unit POSITION control to midrange. Then ad- 
just the VERT. POS. RANGE control, R6557, until the trace 
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CHANNEL A 


These test point are identified on the appropriate schematic. 


is at the previously determined electrical center. The VERT. 
POS. RANGE control is illustrated as (5), Fig. 7-3. 


6. Gain Adjust 
a. Set the VERTICAL DISPLAY switch to +DC. 


b. Set the Standard Amplitude Calibrator controls as fol- 
lows: 


Amplitude J Volt 

Mode Square Wave 
Mixed Up 

100 Amplifier Not applicable 
Power On 
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(a) Type O Unit from SN 814 to 2949. 


-———. PREAMPLIFIER -—— CHANNEL A ——- 
BAN ee Chu er 137-012 


1623534 On. 4 


(b) Type O Unit from SN 101 to 813. 


Fig. 7-2. Voltage test point locations for units SN 101 to 2949. These test points are identified on the appropriate schematics. 
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c. Apply the 0.1-volt signal from the Standard Amplitude 
Calibrator through a 50-ohm cable to the Type O EXT. INPUT 
connector. 


d. Adjust the GAIN ADJ. front panel control for 2cm of 
vertical deflection, centered about the graticule centerline. 
Be sure to measure from top to top or bottom to bottom on 
the trace, making certain the trace thickness does not become 
part of the amplitude. 


e. Remove the standard Amplitude Calibrator signal from 
the O Unit EXT. INPUT connector. 


7. Check Input Tubes Grid Input 


The grid current effect of the input tubes, V6524 and 
V6544, can be checked as follows: 


a. Ground the EXT. INPUT connector with a short patch 
cord. 


b. Make sure the VOLTS/CM switch is set to .05, and the 
VARIABLE control to CALIBRATED. 


c. Switch the VERTICAL DISPLAY switch for +DC to 
—DC. The trace shift should be less than 1 mm. If the shift 
is more than 1 mm, replace V6524 and V6544. See the Parts 
List for proper replacements. 


d. Return the VERTICAL DISPLAY switch to +DC. 


8. Check Input Tubes Microphonics 


a. Gently tap the O Unit front panel. A light tap on the 
front panel should not produce microphonics of the short 
duration form greater than 2mm, nor any prolonged ringing 
microphonics. 


b. Disconnect the patch cord. 


9. Check Attenuator Tolerances 


a. Check the setting of the following O Unit controls. 


VERTICAL DISPLAY +DC 
VARIABLE CALIBRATED 
VOLTS/CM .05 


b. Apply the 0.1-volt signal from the Standard Amplitude 
Calibrator to the O Unit EXT. INPUT connector. 


c. Check for proper CRT vertical deflection according 
to Table 7-2. 


NOTE 


Should any position of the VOLTS/CM_ switch 
(except the .05 position) produce a vertical de- 
flection more than the allowable tolerance of 
+3%, it will be necessary to remove and measure 
on a precise bridge the resistors for that particu- 
lar switch position. Replace one or both resistors 
if necessary and recheck for proper CRT deflection. 
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TABLE 7-2 
Standard 


VOLTS/CM | Amplitude Maximum Error 
Switch Calibrator Vertical Fores oro 
Setting Output Deflection Accuracy 

05 1 Volt 2cm Previously 
adjusted in 
Step 6. 
| 2 Volt 2cm 0.6 mm 
fs 5 Volt 2.5m 0.75 mm 
4s 1 Volt 2cm 0.6 mm 
] 2 Volts 2cm 0.6 mm 
2 5 Volts 2.5m 0.75 mm 
5 10 Volts 2 cm 0.6 mm 
10 20 Volts 2cm 0.6 mm 
50 Volts 2.5m 0.75 mm 


d. Remove the Standard Amplitude Calibrator signal from 
the O Unit. 


10. Adjust Input Capacitance and Neutralizing 
Capacitors 


Set the front-panel controls of the O Unit and Type 106 
Square Wave Generator as follows: 


Type O Unit 


VARIABLE Minimum amplitude 
(slightly clockwise out 
of detent) 

VOLTS/CM .05 

Type 106 Square Wave Generator 

Repetition Rate Range 1 kHz 

Multiplier Less than 1] 

Symmetry Midrange 

Amplitude Fully CCW 

High Amplitude Fast 

Rise Switch Hi Amplitude 


+Transition Amplitude 
—Transition Amplitude 


Not applicable 
Not applicable 
Power On 


At this point in the procedure the remaining front-panel 


controls should be at the following positions. 


Type O Unit 


POSITION Midrange 
VERTICAL DISPLAY +DC 


Operational Amplifier Controls (both channels) 


GRID SEL (—) 
Z; SELECTOR 1 MEG 
Z; SELECTOR 1 MEG 
INTEGRATOR LF REJECT OFF 
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Type 545B Oscilloscope 


Stability Preset 
Triggering Level As is 
Triggering Mode Auto 
Trigger Slope +Int 
Time/Cm 1 mSEC 
Variable (Time/Cm) Calibrated 
Horizontal Display A 

5 Magnifier Off 


Horizontal Position Midrange 


and Vernier 
Amplitude Calibrator Off 


Intensity Normal trace brightness 


Apply the 1 kHz signal from the Type 106 high amplitude 
output connector through a 10% attenuator, 51ns coaxial 
cable, 50-ohm in-line termination and a 47-pF Time Constant 
Normalizer to the 0 Unit EXT. INPUT connector. Connect 
all items in the order that was given. 


Set the Type 106 Amplitude control to produce a display 
amplitude of 3.5 cm. 
NOTE 


Maintain 3.5.cm of display amplitude throughout 
the remaining portion of this step. 


Procedure For O Units SN 2950 and UP 


a. Using Table 7-3 as a guide, adjust the variable capa- 
citors as directed in steps b through g in this procedure for 
units SN 2950 and up. Fig. 7-3A shows the location of the 
capacitors. 


TABLE 7-3 
VERTICAL 
DISPLAY For 
Switch VARIABLE Control | Adjust | Optimum 
+DC | Minimum amplitude | C6521 | Flat top 
CALIBRATED C6574 
—DC Minimum amplitude | C6541 | Flat bottom 
CALIBRATED C6564 


b. Adjust C6521 for an optimum flat top appearance of 
the displayed waveform. 


c. Move the VERTICAL DISPLAY switch to the —DC 
position and adjust C6541 for an optimum flat bottom ap- 
pearance of the displayed waveform. 


d. Set the VERTICAL DISPLAY switch to the + DC posi- 
tion, turn the VARIABLE control to CALIBRATED (reduce the 
Type 106 signal amplitude) and adjust C6574 for an optimum 
flat top appearance of the displayed waveform. 


e. Move the VERTICAL DISPLAY switch to —DC and 
adjust C6564 for an optimum flat bottom appearance of the 
displayed waveform. 
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f. The adjustments of C6541 and C6564 tend to interact; 
turn the VARIABLE control to the minimum amplitude posi- 
tion, readjust C6541, turn the VARIABLE control to CALI- 
BRATED, and readjust C6564. Repeat this procedure until 
an optimum flat bottom waveform appearance is obtained 
at the two extremes of the VARIABLE control range. 


g. Move the VERTICAL DISPLAY switch to +DC, turn the 
VARIABLE control to the minimum amplitude position and 
readjust C6521. Turn the VARIABLE control to CALIBRATED 
and readjust C6574. Alternately readjust these two capaci- 
tors until an optimum flat top waveform appearance is 
obtained at the two extremes of the VARIABLE control range. 


Procedure For O Units SN 101 to 2949 
Set VARIABLE (VOLTS/CM) control to CALIBRATE. 


a. Adjust C6521 [(10-a) Fig. 7-31B] for an optimum flat-top 
display. 


b. Set the VERTICAL DISPLAY switch to —DC and adjust 
C6541 [(10-b), Fig. 7-3B] for an optimum flat-top display. 


c. Set the VERTICAL DISPLAY switch back to +DC and 
set the VARIABLE (VOLTS/CM) control for minimum gain. 
Increase the Type 106 output for 3.5 cm of CRT display. Adjust 
C6574 [(10-c), Fig. 7-3B] for an optimum flat-top display. 


d. Return the VARIABLE control to the CALIBRATED posi- 
tion and lower the Type 106 output to 3.5 mm of CRT display. 
It may be necessary to readjust C6521. 


e. Work betwen C6521 and C6574 for best square-wave 
flat top at the two extremes of the VARIABLE control. 


f. Repeat this procedure first with C6541 and then C6564 
[(10-f), Fig. 7-3B] with the VERTICAL DISPLAY switch at —DC. 


11. Adjust Attenuator Compensation 


a. Temporarily remove the signal from the O Unit EXT. 
INPUT connector. Turn off the oscilloscope. Insert the plug- 
in extension (item 8) between the O Unit and oscilloscope. 
Reconnect the signal to the EXT. INPUT connector. Turn on 
the oscilloscope and wait about two minutes before pro- 
ceeding. 


b. Set the oscilloscope Time/Cm switch to .5 mSec. 


c. Check that the O Unit controls are set as follows: 


VERTICAL DISPLAY +DC 
VARIABLE CALIBRATED 
VOLTS/CM .05 


d. Using Table 7-4 as a guide, set the VOLTS/CM switch 
to the positions given in the table and adjust the indicated 
capacitors. Adjust the “B’’ capacitors for optimum flat top, 
and the “C" capacitors for optimum square corners. Fig. 
7-4 (11) shows the location of the adjustments. When using 
Table 7-4, remove the 10X attenuator and then the 50-ohm 
termination when necessary to obtain more signal drive. 
(Use GR to BNC adapter when 50-ohm termination is re- 
moved.) Maintain a display amplitude of about 3.5cm 
during the adjustment procedure. 
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CO WEN (12) RRA, ro (10) —. (17) (15) 
C6546 R6546 316544 C6564 C6541 R5548 R5532 


R5535- -R5585 R5598 R6557 


—— (16) ——~ (17) (15) (5) (12) “— (10) —~ 


R5582 16524 C6574 C6521 


(a) Type O Unit for SN 2950 and up. 


m— (16) —~ 7 (12) —__, Fae AON (17) (15) 
R5585 R5535 16574 16544 C6564 C6541 R5548 R5532 


R5598 R6557 L6564 16524 C6574 C6521 
(17) {5) iy — (10) -— 


(b) Type O Unit for SN 101 to 2949. 


Fig. 7-3. Location of calibration adjustments. Numbers in parenthesis refer to steps in the adjustment procedure. 
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TABLE 7-4 
Adjust for Optimum 


VOLTS/CM Switch Flat top | Square Corner 
4 C6508B C6508C 
C6509B C6509C 
C6510B C6510C 


2 
ie 
5 C6513B C6513C 


NOTE 


The waveform on the above adjustments will 
appear slightly spiked when the adjustment is 
properly made. This effect will be due to the 
change in capacitance when the unit is extended 
from the oscilloscope. 


e. Disconnect the Type 106 signal from the O Unit. Turn 
off the oscilloscope, remove the plug-in extension and put 
the O Unit back in the oscilloscope. Turn on the oscilloscope 
and wait for about a two minute warm-up period before 
proceeding. 


12. Adjust High-Frequency Peaking 


Connect the +Output of the Type 106 Square Wave Gen- 
erator through a 5-ns coaxial cable and a 50-ohm inlline 
termination to the O Unit EXT. INPUT connector. Connect 
all items in the order given. 


Set the front-panel controls as follows: 


bE SS TET A ae LID (11) 
C6510B 


C5562F C5562G C5562B C5562C 
— (20) —Y “—-(20) —~ 


C6513B C6510C C6513C C6509B Cé6508B Cé509C Cé508C 


Type O Unit 

VOLTS/CM 05 
Type 545B Oscilloscope 
Time/Cm 5 pSec 
Type 106 Square Wave Generator 

Repetition Rate Range 100 kHz 
Multiplier 3) 
Amplitude Fully CCW 
Hi Amplitude Fast Fast Rise 
Rise switch 


As required for 3.5cm 
of vertical deflection 


+Transition Amplitude 


At this point in the procedure the remaining controls should 
be at the following positions: 


Type O Unit 

POSITION Midrange 
VERTICAL DISPLAY +DC 
VARIABLE CALIBRATED 

Operational Amplifier Controls (both channels) 
-+GRID SEL (—) 
Z; SELECTOR 1 MEG 
Z; SELECTOR 1 MEG 


C5512B. C5512C 


6018 (eam 


C5512F 


C5512G 
Ns (20) —— 


Fig. 7-4. Location of calibration adjustments. Numbers in parenthesis refer to steps in adjustment procedure. Applies to O Units SN 101 


and up. 
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Type 545B Oscilloscope 


Stability Preset 
Triggering Level As is 
Triggering Mode Auto 
Trigger Slope +Int 
Variable (Time/Cm) Calibrated 
Horizontal Display A 

5X Magnifier Off 


Horizontal Position Midrange 


and Vernier 
Amplitude Calibrator Off 


Intensity Normal trace brightness 


Procedure For O Units SN 2950 and Up 


a. Preset the high-frequency peaking adjustments by 
moving the cores of L6524 and L6544 toward the chassis until 
they are out of the coil winding area and adjust R6546 
and C6546 to mid-range. C6546 is at mid-range when the 
silvered area is aligned with the arrow. Fig. 7-3A shows the 
location of these adjustments. 


b. Adjust R6546 and C6546 for optimum flat-top waveform. 
(R6546 affects the first 250 ns after the leading edge; C6546 
affects the second 250 ns.) 


c. Change the VERTICAL DISPLAY switch to — DC, move 
the bottom of the waveform near the graticule center with 
the POSITION control, and adjust R6546 and C6546 for 
optimum flat-bottom waveform. 


Since adjusting R6546 and C6546 affects both the flat-top 
and flat-bottom waveform it may be necessary to repeat 
this procedure a few times to obtain an equally flat-top 
and flat-bottom waveform. 


d. Set the VERTICAL DISPLAY switch on +DC. Adjust 
L6424 for an optimum square top-front corner of the wave- 
form. Change the VERTICAL DISPLAY switch to — DC and 
adjust L6544 for an optimum square bottom front corner. 


NOTE 


Alternately adjust L6524 and L6544 in equal 
amounts and approach their final settings in small 
increments, 


Procedure For O Units SN 101 to 2949 


a. Adjust L6524 and L6564 for optimum square top-front 
corner Fig. 7-3B shows the location of these adjustments. 


b. Move the VERTICAL DISPLAY switch to —DC and 
adjust L6544 and L6574 for optimum square bottom-front 
corner. Fig. 7-3B shows the locations of these adjustments. 


NOTE 


Check for interaction between the +DC and —DC 
adjustments. Repeat this procedure as necessary 
to obtain an optimum square corner waveform 
in the +DC and —DC positions of the VERTICAL 
DISPLAY switch. 
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13. Check Preamplifier Risetime 


a. Set the front-panel controls as follows: 


Type O Unit 
POSITION: Midrange 
VERTICAL DISPLAY +DC 


Type 545B Oscilloscope 


Triggering Level As required for stable 


display 
Triggering Mode AC LF Reject 
Time/Cm .1 pusec 
5 Magnifier On 


Horizontal Position As required to position 


rising part of waveform 
near center of graticule 


Type 106 Square Wave Generator 
+Transition Amplitude 2 cm of vertical deflection 


b. Measure the rise-time of the waveform from the 10% 
to the 90% points of the rise. Rise-time should be no greater 
than 14ns (7 mm) and is typically less than 14 ns (assuming 
the CRT geometry is correctly adjusted). 


c. Disconnect the Type 106 signal from the O Unit. 


14. (Optional) Check Preamplifier Sine-Wave 
Frequency Response 


a. Set the front-panel controls as follows: 


Type 545B Oscilloscope 


Stability Fully clockwise 
Triggering Level Fully clockwise 
Triggering Mode AC 

Time/Cm .1 mSec 

5X Magnifier Off 
Horizontal Position 

and Vernier Midrange 


Type 191 Constant Amplitude Signal Generator 


Fully Clockwise 
50 kHz Only 


Frequency Dial 
Frequency Range 


Amplitude 15 (or as required) 

Variable As required for 3cm of 
display 

Amplitude Range 50 - 500 mV 

Power On 


b. Connect the output of the Type 191 through a 5-ns 
coaxial cable and a 50-ohm in-line termination to the O 
Unit EXT. INPUT connector. Connect all items in the order 
given. 


c. Observe the CRT display and adjust the VARIABLE 
control of the Type 191 for exactly 3cm of vertical display. 
The display should be a solid band, not a stable sine-wave 
presentation of the Type 191 output signal. 
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d. Change the Frequency Range switch of the Type 191 
to the 18-42MHz range. Without changing the output 
amplitude, increase the frequency from the Type 191 until 
the vertical display decreases in amplitude to 2.1 cm. This 
is the point at which the high frequency response is down 
3-dB from the 50-kHz reference signal. 


e. Note the frequency dial setting of the Type 191. It 
should be 25 MHz or higher. 


f. Disconect the Type 191 signal from the O Unit. 


This completes calibration of the preamplifier section. 


A and B OPERATIONAL AMPLIFIERS 


The following calibration procedure is applicable to the 
A and B Operational Amplifiers. The amplifiers are identical 
except for part numbers and location. Either amplifier can 
be selected by rotating the VERTICAL DISPLAY switch to the 
desired OUTPUT position. 


The calibration procedue lists both A and B OUTPUT 
positions for the VERTICAL DISPLAY switch setting; how- 
ever, only one amplifier at a time can be selected. If you 
start with Amplifier A (VERTICAL DISPLAY switch set to + 
or — OUTPUT) complete the entire procedure before start- 
ing Amplifier B (VERTICAL DISPLAY switch set to + or — 
B OUTPUT). 


15. Adjust Output DC Level 


a. Set the front-panel controls as follows: 


Type O Unit 
POSITION Midrange 
VERTICAL DISPLAY +A OUTPUT 
+B OUTPUT 
VOLTS/CM Be 


At this point in the procedure the remaining controls 
should be at the following settings: 


Type O Unit 


VARIABLE CALIBRATED 


Operational Amplifier Controls (both channels) 


-+-GRID SELECTOR (—) 
Z; SELECTOR 1 MEG 
Z; SELECTOR 1 MEG 
INTEGRATOR LF REJECT OFF 


Type 545B Oscilloscope 


Stability Fully Clockwise 
Triggering Fully Clockwise 
Triggering Mode AC 

Triggering Slope -+Int 

Time/Cm .| mSec 
Variable (Time/Cm) Calibrated 
Horizontal Display A 
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5X Magnifier Off 


Horizontal Position 
and Vernier Midrange 


Amplitude Calibrator Off 


Intensity Normal trace brightness 


b. Set the OUTPUT DC LEVEL control (front-panel) to mid- 
range position. 


c. Push ZERO CHECK button in and hold; move the trace 
to graticule center with the POSITION control then release 
the ZERO CHECK button. Push the OUTPUT DC LEVEL switch 
to ADJ. position and hold; adjust DC LEVEL RANGE control 
R5532 (R5582 Amplifier B); see Fig. 7-3, to position the trace 
near graticule center. Release OUTPUT DC LEVEL switch. 


d. Push ZERO CHECK button in and hold, if necessary 
recenter trace with POSITION control, then release ZERO 
CHECK button. Push the OUTPUT DC LEVEL switch to ADJ. 
position and hold it there while adjusting the OUTPUT DC 
LEVEL control (front-panel) to position the trace at graticule 
center. Release the OUTPUT DC LEVEL switch. Any drift 
that occurs during this adjustment is due to the 100X gain 
when the OUTPUT DC LEVEL switch is in the ADJ. position. 


16. Adjust Input Vacuum Tubes Grid Current 


a. Set the front-panel controls as follows: 


Type O Unit 
VOLTS/CM 1 


Operational Amplifier Controls (both channels) 


Z; SELECTOR EXT. 
Z; SELECTOR EXT. 
== GRIDeSEL (+) 


Type 545B Oscilloscope 
Time/Cm 1 Sec 


b. +Grid. Plug the Grid Current Checker (push buttons 
facing up) into the banana jacks on the front of the O 
Unit. (If the low-leakage capacitor and toggle-switch test 
fixtures are used refer to Fig. 4-3B for their connections.) 


As the spot moves past a vertical graticule line push the 
+Grid current button and hold. (Open the toggle switch 
when using the test set-up as in Fig. 4-3B.) The spot should 
not move vertically more than 21/, cm in 5cm of horizontal 
travel. Release the +Grid Current button. The amount of 
vertical travel indicates the rate at which current is charging 
the .001-uF capacitor. The most stable grid current condition 
is when the spot moves upward. 


If the spot moves more than 21, cm vertically adjust the 
GRID CURRENT control R5535 (R5585 for Amplifier B—see 
Fig. 7-3) to reduce grid current and vertical spot travel. Typi- 
cally the vertical excursion should not exceed 3/4 cm in 5cm 
of horizontal travel. 


Adjustment of the +Grid current affects the —Grid cur- 
rent. 


c. —Grid. If the low-leakage capacitor and toggle-switch 
test fixtures are used, connect as in Fig. 4-3A. 


As the spot moves past a vertical graticule line push the 
—Grid button and hold. (Open the toggle-switch when using 
the test set-up as in Fig. 4-3A.) The spot should not move 
vertically more than 21/2 cm in 5cm of horizontal travel. Re- 
lease the —Grid Current button. The most stable grid cur- 
rent condition is when the spot moves downward. 


If the spot moves vertically more than 21/. cm exchange 
the two input tubes (V5524 and V5534). Typically the vertical 
excursion should not exceed 1'/,cm in 5cm of horizontal 
travel. (Exchanging the input tubes may bring the grid cur- 
rent within allowable limits.) If the input tubes were changed 
repeat steps 15 and 16 as interaction occurs between the 
GRID CURRENT and OUTPUT DC LEVEL controls when the 
input tubes are interchanged or replaced. 


NOTE 


In the Grid Current adjustments just described, 
two limits of vertical spot excursion were stated 
for each grid, a maximum limit and a typical limit. 
The typical limit corresponds to a practical grid 
current value of 0.15 nanoamperes for the + Grid, 
and 0.3 nanoamperes for the —Grid. (The pro- 
cedure for calculating grid current is on page 4-2, 
Grid Current Calculations.) 


d. Remove the Grid Current Checker from the O Unit. 
17. Adjust Open Loop Gain 
a. Set the front-panel controls as follows: 


Type O Unit 
se GRID: SEL (—) 


Type 545B Oscilloscope 


Stability Preset 
Triggering Level Midrange 
Triggering Mode Auto 
Time/Cm .5 mSec 


Calibration—Type O 


Shorting Strap 
on Dual Banana 
Plug Adapter 


Fig. 7-5. Initial test setup for step 17. 


Standard Amplitude Calibrator 


Amplitude 1 mVolt 

Mode Square Wave 
Mixed Up 

100 Amplifier Not Applicable 
Power ON 


b. Install a shorted double banana plug adapter between 
the INPUT and —GRID banana jacks (see Fig. 7-5) and apply 
a 1 mVolt signal from the Standard Amplitude Calibrator to 
the appropriate O Unit INPUT connector. Set Z; on the un- 
used amplifier to 1 MEG; otherwise stray signals may deflect 
the display offscreen. Position the display to graticule center 
with the POSITION control. If necessary, readjust OUTPUT 
DC LEVEL control (front-panel) to move the display onto the 
graticule. 


c. Adjust the OPEN LOOP GAIN control R5548 (R5598 for 
Amplifier B—see Fig. 7-3) for 21/. cm of vertical display. 


d. Remove the shorted double banana plug adapter and 
the Standard Amplitude Calibrator signal. 
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GR to BNC 
Adapter 


= ( ty 
Gx ne 
ee 


Grounding 
Strap 1 wF Capacitor 


BNC te Banana 
Patch Cord 


1 uF Capacitor 


GR to BNC 
Adapter 


‘Grounding BNC to. Banana 
Strap Patch Cord 


10k 1 % 
Resistor 


Fig. 7-6. Initial test setup for step 18. 


18. Check Output Voltage and Current 
a. Set the front-panel controls as follows: 
Type O Unit 
VOLTS/CM 20 


Operational Amplifier Controls (both channels) 


Z,; SELECTOR 1 MEG 
Z; SELECTOR 1 MEG 


Type 106 Square Wave Generator 


Repetition Rate Range 1 kHz 
Multiplier Less than 1 
Symmetry Midrange 
Amplitude CCW 

Hi Amplitude Fast 

Rise switch Hi Amplitude 


b. Connect the signal from the Type 106 through the 
externally mounted 1 uF coupling capacitor (See Fig. 7-6A). 
Adjust the Type 106 Hi Amplitude control for 5cm of verti- 
cal display (100 volts). 


c. Install the 10-kQ, 1% resistor between the OUTPUT 
banana jack and GND (See Fig. 7-6B). Display should remain 
5m in amplitude. 


d. Turn Amplitude control fully CCW; disconnect the Type 
106 signal and test fixtures. 


19. Check Zi and Z: Components 


This step checks the tolerances of the resistors and capaci- 
tors in the Z; and Z; circuits. 
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a. Set the front-panel controls as follows: 


Type O Unit 
VOLTS/CM ] 


Operational Amplifier Controls (both channels) 


Z; SELECTOR 
Z; SELECTOR 


_.1 MEG 
.1 MEG 


Type 106 Square Wave Generator 


Repetition Rate Range 100 Hz 
Multiplier 45 


Amplitude As required for 4cm 


display 


At this point in the procedure the remaining controls 
should be at the following settings: 


Type O Unit 


Preamplifier Controls 


POSITION Midrange 
VERTICAL DISPLAY +A 

+B 
VARIABLE CALIBRATED 


Operational Amplifier Controls (both channels) 


--GRID SEL (4 
INTEGRATOR LF REJECT OFF 


Type 545B Oscilloscope 


Stability Preset 
Triggering Level Midrange 
Triggering Mode Auto 
Trigger Slope +Int 
Time/Cm 5 mSec 
Variable (Time/Cm) Calibrated 
Horizontal Display A 
5X Magnifier Off 
Horizontal Position 

and Vernier Midrange 


Amplitude Calibrator Off 


Intensity Normal trace brightness 


Type 106 Square Wave Generator 
Hi Amplitude Fast 


Rise switch Hi Amplitude 
Symmetry Midrange 
+Transition Amplitude CCW 
“—Transition Amplitude CCW 

Power On 


b. Connect the Output of the Type 106 through a 5ns 
coaxial cable and a 50-ohm in-line termination to the ap- 
propriate INPUT connector on the Type O Unit. Adjust the 
Type 106 Output Amplitude control for a vertical display of 
4cm. 


c. Use Table 7-5 as a guide and check for correct verti- 
cal deflection. 


TABLE 7-5 
Z; Z; VOLTS/CM Deflection 
Switch 
01 MEG ] 4cm 
1 MEG 4Acm 
.2 MEG 4cm 
5 MEG 4cm 
1 MEG 4cm 
1 MEG 4cm 
1 MEG 4Acm 
1 MEG 4cm 
.2 MEG 4cm 
.01 MEG 4cm 
.1 MEG 4cm 
.2 MEG 4cm 


4cm 
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d. Set the Type O Unit front panel controls as follows: 


Z; SELECTOR 1 pF 
Z; SELECTOR 1 pF 
VOLTS/CM 1 


INTEGRATOR LF REJECT 1CPS 


Without changing the Type 106 Amplitude control the 
vertical display should be 4 cm. 


e. Use Table 7-6 as a guide and check for correct vertical 
deflection. 


TABLE 7-6 
Z; Z; VOLTS/CM | Deflection 
Switch 

] pF Tae 4cm 
1 pF sails 4cm 
01 uF 4cm 
.001 pF 4cm 
01 uF 4cm 
| pF 4cm 
1 uF 4cm 
001 pF 4cm 
01 pF 4cm 


Acm 


f. Remove the Type 106 signal from the Type O Unit. 


20. Adjust Variable .0O1-uF and 10-pF 
Zi and Z: Capacitors 


Turn the oscilloscope off and install the plug-in extension 
between the Type O Unit and the oscilloscope. Turn the oscil- 
loscope on and wait for about two minutes warm-up period. 
Adjust the OUTPUT DC LEVEL before proceeding. (Refer to 
step 15d.) 


a. Set the front-panel controls as follows: 


Type O Unit 
VOLTS/CM 1 


Operational Amplifier Controls (both channels) 


Z, SELECTOR 01 pF 
Z; SELECTOR 001 pF 


Type 545B Oscilloscope 


Triggering Level As required for stable 


display 
Triggering Mode AC 
Trigger Slope +Int 
Time/Cm 20 wSEC 
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Type 106 Square Wave Generator 


Repetition Rate Range 10 kHz 
Multiplier Less than 1] 
Amplitude As required for 4cm of 


vertical display 


b. Connect the Output of the Type 106 through a 10X 
attenuator, a 5-ns coaxial cable, and a 50-ohm in-line 
termination to the appropriate INPUT connector on the O 
Unit. Adjust the Amplitude control of the Type 106 for 4.cm 
of vertical display. 


c. Using Table 7-7 as a guide, set the Z; - Z; switches as 
indicated and adjust the appropriate variable capacitor for 
4cm of vertical display. Where indicated, remove or re- 
place test equipment fixtures and readjust the Type 106 
Amplitude control for 4m of vertical display. (See Fig. 7-4 
for location of these adjustments.) 


NOTE 


Capacitors shown in parenthesis are adjustments 
for the B Operation Amplifier. 


TABLE 7-7 
Z; Z; Adjust Deflection 
001 pF 0001 pF igs 4m 
001 pF Ol nF | Type 106 4m 
0001 pF 001 uF fers Ant 
10 pF 0001 pF eee) Jp 
01 pF? 001 nF. | . Type 106 dem 
C5512G 
.001 pF 10 pF (C5562G) 4cm 


Remove 50-ohm termination and 10 attenuator. 
"Reinstall the 50-ohm termination and 10X attenuator. 


d. Disconnect the Type 106 signal from the O Unit. Turn 
the oscilloscope off, remove the plug-in extension and replace 
the O Unit in the oscilloscope. Turn the oscilloscope on, wait 
for about a two minute warm-up period, then adjust the 
OUTPUT DC LEVEL (refer to step 15d) before proceeding to 
the next step. 


21. (Optional) Check Gain-Bandwidth Product 


a. Set the frontpanel controls as follows: 


Type O Unit 
VERTICAL DISPLAY +DC 
VOLTS/CM 1S 
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Operational Amplifier Controls (both chanenls) 


Z; SELECTOR 1 pF 
Z; SELECTOR 10 pF 
INTEGRATOR LF REJECT 1 KC 


Type 545B Oscilloscope 


Stability Fully Clockwise 


Triggering Level Fully Clockwise 


Time/Cm ] mSec 


Type 191 Constant Amplitude Signal Generator 


Frequency dial Fully clockwise 


Frequency Range 50 kHz Only 
Amplitude 10 

Variable Cal 
Amplitude Range 5-5 V 
Power On 


b. Connect the Output of the Type 191 through a 5Sns 
coaxial cable and a 50-ohm in-line termination to the O Unit 
EXT. INPUT connector. If necessary, adjust the Type 191 Cal 
and Amplitude settings to produce 2cm of vertical deflec- 
tion. 


c. Change the Frequency Range switch of the Type 191 
to 8-18 MHz. 


CAUTION 


Do not change amplitude settings of the Type 191. 


d. Move the 50-ohm termination and coaxial cable from 
the EXT. INPUT connector to the A (or B) INPUT connector. 
Change the O Unit VERTICAL DISPLAY switch to +A (or 
+B) OUTPUT position. 


e. Increase the output frequency of the Type 191 until 
the vertical deflection is at 2cm. The output frequency of 
the Type 191 should be 15 MHz or greater. 


NOTE 


If there is an unstable ripple on the top and bot- 
tom of the display, measure between the average 
values of the ripple. 


f. Disconnect the Type 191 signal from the O Unit. To 


calibrate the other Operational Amplifier repeat steps 15 
through 21. 
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ABBREVIATIONS AND SYMBOLS 


SECTION 8 
PARTS LIST 


and SCHEMATICS 


a or amp amperes mm millimeter 
BHS binding head steel meg or M megohms or mega (10°) 
C carbon met. metal 
cer ceramic no micro, or 10-° 
cm centimeter n nano, or 107? 
comp composition 9) ohm 
cps cycles per second OD outside diameter 
crt cathode-ray tube OHS oval head steel 
CSK counter sunk p pico, or 10,4 
dia diameter PHS pan head steel 
div division piv peak inverse voltage 
EMC electrolytic, metal cased plstc plastic 
EMT electroyltic, metal tubular PMC paper, metal cased 
ext external poly polystyrene 
f farad Prec precision 
F& | focus and intensity PT paper tubular 
FHS flat head steel PTM paper or plastic, tubular, molded 
Fil HS fillister head steel RHS round head steel 
gorG giga, or 10° rms root mean square 
Ge germanium sec second 
GMV guaranteed minimum value Si silicon 
h henry S/N serial number 
hex hexagonal tor T ferd, or 102 
HHS hex head steel TD toroid 
HSS hex socket steel THS truss head steel 
HV high voltage tub. tubular 
ID inside diameter YEON ay. volt 
incd incandescent Var variable 
int internal Ww watt 
k or K kilohms or kilo (10°) w/ with 
ke kilocycle w/o without 
m mill, on™ WW wire-wound 
mc megacycle 
SPECIAL NOTES AND SYMBOLS 
X000 Part first added at this serial number. 
000X Part removed after this serial number. 
*000-000 Asterisk preceding Tektronix Part Number indicates manufactured by or for Tektronix, 


or reworked or checked components. 
Use 000-000 Part number indicated is direct replacement. 
} Internal screwdriver adjustment. 


[ese Seat | 


Front-panel adjustment or connector. 
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HOW TO ORDER PARTS 


Replacement parts are available from or through your local Tektronix 


Field Office. 


Changes to Tektronix instruments are sometimes made to accommo- 
date improved components as they become available, and to give you 
the benefit of the latest circuit improvements developed in our engineer- 
ing department. It is therefore important, when ordering parts, to 
include the following information in your order: Part number including 
any suffix, instrument type, serial number, and modification number 
if applicable. 


If a part you have ordered has been replaced with a new or im- 
proved part, your local Field Office will contact you concerning any 
change in part number. 
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ELECTRICAL PARTS LIST 


Values are fixed unless marked variable. 


Bulbs 
Tektronix 
Ckt. No. Part No. Description S/N Range 
B5517 Use 150-027 Neon, Type NE-23 101-3279 
B5517 150-0030-00 Neon, Type NE-2 V 3280-up 
B5567 Use 150-027 Neon, Type NE-23 101-3279 
B5567 150-0030-00 Neon, Type NE-2 V 3280-up 
Capacitors 

Tolerance —20% unless otherwise indicated. 
Tolerance of all electrolytic capacitors are as follows (with exceptions): 

3v— 50v = —10% +250% 

51 v—350 v = —10% +100% 
351 v—450 v = —10% + 50% 
C5509A t Selected 
C5509B t Selected 
C5500C 71 Selected 
-C5509D tT Selected 
C5510A 1 pf 
C5510B 1] pf 
C5510C 01 pf 
CS510D5 001 pf 
eaiie feat pee iG Zee tZ |e Sories +19, 
C5510F elpt 
C5510G 01 pf 
C5510H 001 pf 
C551 1G Tt Selected 
C551 D7 Selected 
C5511E 281-504 10 pf Cer. 500 v 10% 
C5512A 281-528 82 pf Cer. 500 v 10% 
C5512B 281-048 5-25 pf Cer. Var. 
G5512C 281-031 3-12 pf Cer. Var. 
C5512E 281-528 82 pf Cer. 500 v OSA 
C5512F 281-048 5-25 pf Cer. Var. 
C5512G 281-031 3-12 pf Cer. Var. 
C5514 283-017 1 pf Disc Type 3v 
C5515 283-028 0022 pf Disc Type 50 v 
C5528 283-057 ut Disc Type 200 v 
5527 283-002 01 pf Disc Type 500 v 
C5533 283-002 01 pf Disc Type 500 v 
C5535 283-003 01 pf Disc Type 150 v X319-up 
C5538 283-004 02 yf Disc Type ; 150 v X814-up 
C5543 283-002 01 pf Disc Type 500 v 
C5544 283-000 .001 pf Disc Type 500 v 
C5559A T Selected 
C5559B t Selected 
C5559C iT, Selected 
C5559D + Selected 
+These capacitors are installed when necessary for optimum performance. Nominal values are from 0 to 2 pf. 
or a 
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Ckt. No. 


Co260A 
C5560B 
C5560C 
C5560D 
C5560E 
CS560F 
C5560G 
C5560H 


C5561 CT 
C5561DT 
C5561E 
C5562A 
C5562B 


C5562C 
C5562E 
C5562F 
C5562G 
C5564 


C5565 
C5578 
C5579 
C5583 
C5585 


C5588 
C5593 
C5594 
C6501 
C6507 


C6508 

C6508C 
C6508D 
Cé509B 
C6509C 


C6510B 
C6510C 
C6510E 
C6513A 
C6513B 


C6513C 
C6513E 
C6518 
C6519 
C6521 


C6523 
C6525 
C6539 
C6541 
C6545 


Tektronix 
Part No. 


*291 -033 


281-504 
281-528 
281-048 


281-031 
281-528 
281-048 
281-031 
283-017 


283-028 
283-057 
283-002 
283-002 
283-003 


283-004 
283-002 
283-000 

Use *285-0672-00 
281 -543 


281-007 
281-010 
281-501 
281-010 
281-007 


281-010 
281-010 
283-508 
281-505 
281-010 


281-005 
283-543 
283-002 
283-002 
Use 281-036 


283-023 
281 -0509-00 
290-164 
Use 281-036 
281 -0509-00 


Selected 
Selected 
10 pf 

82 pf 
5-25 pf 


3-12 pf 


4.5-25 pf 
4.5-25 pf 
150 pf 
12 pf 
4.5-25 pf 


1.5-7 pf 
250 pf 
01 pf 
01 pf 
3-12 pf 


1 pf 
15 pf 
1 pf 
3-12 pf 
15 pf 


Capacitors (continued) 


Description 


Cer. 
Cer. 
Cer. 


Cer. 
Cer. 
Cer. 
Cer. 
Disc Type 


Disc Type 
Disc Type 
Disc Type 
Disc Type 
Disc Type 


Disc Type 
Disc Type 
Disc Type 
PTM 
Cer. 


Cer. 
Cer. 
Cer. 
Cer. 
Cer. 


Cer. 
Cer. 
Mica 
Cer. 
Cer. 


Cer. 

Mica 

Disc Type 
Disc Type 
Cer. 


Disc Type 
Cer. 
EMT 
Cer. 
Cer. 


Z; — Z; Series 


Var. 
Var. 


Var. 
Var. 


Var. 
Var. 


Var. 


Var. 


Var. 


500 v 


~ 500 v 


500 v 


3v 


50 v 
200 v 
500 v 
500 v 
150 v 


150 v 
500 v 
500 v 
600 v 
500 v 


500 v 
500 v 


500 v 
500 v 
500 v 


10v 
500 v 
150 v 


500 v 


S/N Range 
4 by 
10% 
10% 
10% 
X319-up 
X814-up 
10% 
iO, 
10% 
5% 
X105-2949X 
10% X2950-up 
10% X2950-up 


+These capacitors are installed when necessary for optimum performance. Nominal values are from 0 to 2 pf. 
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Ckt. No. 


C6546 
C6562 
C6564 
C6565 
C6572 


C6574 
C6576 
C6579 
C6582 
C6584 


C6586 
C6589 


D5528 
D5529 
D5529 
D5578 
D5579 


D5579 
D6576 
D6576 


Tektronix 
Part No. 


281 -0063-00 
283-0065-00 
281-027 
283-028 
283-0065-00 


281 -027 
283-002 
283-004 
283-002 
283-002 


283-002 


Use 283-057 


152-087 
152-087 
152-055 
152-087 
152-087 


152-055 
152-016 
152-0076-00 


276-532 
276-0507-00 
276-532 
276-0507-00 
276-532 


276-0507-00 

276-532 

276-0507-00 
*114-149 
*114-0043-00 


*114-149 
*114-0043-00 
*114-043 
276-528 
*114-043 
276-528 


Capacitors (Cont'd) 


Description 
9-35 pf Cer. 
.001 pf Disc Type 
7-3 pf Tub. 
0022 pf Disc Type 
.001 pf Disc Type 
7-3 pf Tub. 
01 pf Disc Type 
02 uf Disc Type 
01 pf Disc Type 
01 pf Disc Type 
01 pf Disc Type 
| pf Disc Type 

Diodes 


Zener IN3044B 
Zener IN3044B 
Zener 1N962B Aw 
Zener IN3044B 
Zener IN3044B 


Zener 1N962B Aw 

Zener RT6 

Zener IN4372 Aw 
Inductors 


Bead, Ferrite 
Core, Ferramic Suppressor 
Bead, Ferrite 
Core, Ferramic Suppressor 
Bead, Ferrite 


Core, Ferramic Suppressor 
Bead, Ferrite 

Core, Ferramic Suppressor 
.2-.325 ph 

5-1 wh 


.2-.325 ph 
5-1 ph 

5-1 ph 
Core, Ferrite 
5-1 ph 
Core, Ferrite 


Var. 


Var. 


Var. 


Var. 
Var. 


Var. 
Var. 
Var. 


Var. 


Parts List — Type O 


100 v a6 


50 v 
100 v Di/a 


500 v 
150 v 
500 v 
500 v 


500 v 
200 v 


llv 5% 


Diy 5% 
3 Vv 10% 


Core 276-506 
Core 276-0506-00 


Core 276-506 
Core 276-0506-00 
Core 276-506 


Core 276-506 


S/N Range 


X2950-up 
X2950-up 


101-2949X 
X2950-up 


101-2949X 


101-813X 
101-813 
814-up 
101-813X 
101-813 


814-up 
101-2949 
2950-up 


X2651-3429 
3430-up 
X2651 -3429 
3430-up 
X2651 -3429 


3430-up 
X2651 -3429 
3430-up 
101-2949 
2950-up 


101-2949 
2950-up 
101-2949X 
X2429-2949X 
101-2949X 
X2429-2949X 
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Resistors 

Tektronix 
Ckt. No. Part No. Description S/N Range 
Resistors are fixed, composition, 10% unless otherwise indicated. 
R5509A 309-148 1 meg Yow Prec. U4 101-3519 
R5509A 323-0481 -01 1 meg Vo W Prec. Vo % 3520-up 
R5509B 309-140 500 k Vow Prec. Ly 101-3799 
R5509B 323-0740-01 500 k VW Prec. Vo% 3800-up 
R5509C 309-444 200 k Yow Prec. ty 101-3799 
R5509C 323-0414-01 200 k Vo W Prec. WAGE 3800-up 
R5509D 309-260 100 k Yow Prec. (WA 101-3519 
R5509D 323-0385-01 100 k Vy W Prec. Vo % 3520-up 
R5509E 309-100 10k Vow Prec. 1% 101-3519 
R5509E 323-0289-01 10k Yow Prec. Vy % 3520-up 
R5509F 301-514 510k Yow ahs 
R5509G 301-244 240 k Vow 5% 
R5511A 309-148 1 meg Yow Prec. Ty, 101-3519 
R5511A 323-0481 -01 1 meg Vw Prec. Ea h 3520-up 
R5511B 309-140 500 k Vo WwW Prec. vA 101-3799 
R5511B 323-0740-01 500 k Vo Ww Prec. Vy Yo 3800-up 
R5511C 309-444 200 k Yow Prec. Liw5 101-3799 
R5511C 323-0414-01 200 k Vo W Prec. Vo % 3800-up 
R5511D 309-260 100 k Vo W Prec. G6 101-3519 
R5511D 323-0385-01 100 k Vo W Prec. Vo % 3520-up 
R5511E 309-100 10k Yow Prec. 1% 101-3519 
R5511E 323-0289-01 10k Vo W Prec. Vo % 3520-up 
R5513 316-104 100 k Vw 
R5514 316-105 1 meg Uw 
R5515 316-104 100 k Vw 
R5517 316-104 100 k Vw 
R5518 316-105 1 meg Vw 
R5519 316-103 10k Vw 
R5520 316-470 472 Vw 101-2650X 
R5521 302-473 47 k Vow 101-813 
R5521 309-354 45k Vow Prec. VA 814-up 
R5522 311-164 50k Var. OUTPUT DC LEVEL 
R5523 310-070 33k lw Prec. 1% 101-813 
R5523 305-393 39 k 2w sy A 814-3239 
R5523 305-0273-00 27 k 2w 5S, 3240-up 
R5524 302-102 1k Vo W 
R5525 309-354 45k Vo W Prec. 1% 101-813 
R5525 323-347 40.2 k Vow Prec. 1% 814-up 
R5526 305-223 22k 2w 5%, 101-813 
R5526 308-241 22 k 7w WW %s 814-up 
R5529 Use 306-473 47k 2w 
R5530 316-470 47 2 Yaw 101-2650X 
R553] 302-473 47 k Vow 101-813 
R553] 309-354 45k Vow Prec. thyA 814-up 
R5532 311-153 10k Var. DC LEVEL RANGE 
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Resistors (continued) 


Tektronix 
Ckt. No. Part No. Description S/N Range 
R5533 302-102 1k Yow 
R5534 305-123 12k 2w 57, X155-up 
R5535 311-171 5k Var. X155-up 
R5538 315-102 1k Vw Bis X814-up 
R5539 304-184 180 k lw X814-3239 
R5539 305-0823-00 82k 2w Bo; 3240-up 
R5540 316-104 100 k Ww 
R5541 316-470 47 Q Yaw 
R5542 316-101 1109 Vw 
R5543 302-221 220 Q Yow 
R5544 315-100 102 Vw 595 
R5546 308-069 12k 8 w WW low A 
R5547 316-154 150 k Yow 
R5548 311-068 500 k Var. OPEN LOOP GAIN 
R5559A 309-148 1 meg YW Prec. 1% 101-3519 
R5559A 323-0481-01 1 meg YW Prec. TOS 3520-up 
R5559B 309-140 500 k Yow Prec. L% 101-3799 
R5559B 323-0740-01 500 k Yow Prec. Vo % 3800-up 
R5559C 309-444 200 k Yow Prec. ie 101-3799 
R5559C 323-0414-01 200 k Yow Prec. Wn % 3800-up 
R5559D 309-260 100k Vow Prec. Lys 101-3519 
R5559D 323-0385-01 100 k Vo W Prec. Vo, 3520-up 
R5559E 309-100 10k Yow Prec. Uys 101-3519 
R5559E 323-0289-01 10k Yow Prec. Yo % 3520-up 
R5559F 301-514 510k Yow SA 
R5559G 301-244 240 k Vow oe: 
R5561A 309-148 1 meg Vow Prec. L% 101-3519 
R5561A 323-0481-01 1 meg Vow Prec. Vn % 3520-up 
R5561B 309-140 500 k Yow Prec. 1% 101-3799 
R5561B 323-0740-01 500 k Vow Prec. Vo % 3800-up 
R5561C 309-444 200 k Yow Prec. WE 101-3799 
R5561C 323-0414-01 200 k Vow Prec. Wo % 3800-up 
R5561D 309-260 100 k Vo W Prec. hick 101-3519 
R5561D 323-0385-01 100 k Yow Prec. Vo % 3520-up 
R5561E 309-100 10k Yaw Prec. Ls 101-3519 
R5561E 323-0289-01 10k Yow Prec. Vo % 3520-up 
R5563 316-104 100 k Vw 
R5564 316-105 1 meg Ww 
R5565 316-104 100 k Vw 
R5567 316-104 100 k Vw 
R5568 316-105 1 meg Vw 
R5569 316-103 10k “Uw 
R5570 316-470 47 Uw 101-2650X 
R5571 302-473 47 k Yow 101-813 
R5571 309-354 45k Yow Prec. (GA 814-up 
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Ckt. No. 


R5572 
R5573 
R5573 
R5573 
R5574 


R5575 
R5575 
R5576 
R5576 
R5579 


R5580 
R5581 
R5581 
R5582 
R5583 


R5584 
R5585 
R5588 
R5589 
R5589 


R5590 
R5591 
R5592 
R5593 
R5594 


R5596 
R5597 
R5598 
R6502 
R6507 


R6508C 
R6508E 
R6509C 
R6509E 
R6510C 


R6510E 
R6513C 
R6513E 
R6516 
R6517 


R6518 
R6519 
R6520 
R6521 
R6522 
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Tektronix 
Part No. 


Use 


311-164 
310-070 
305-393 
305-0273-00 
302-102 


309-354 
323-347 
305-223 
308-241 
306-473 


316-470 
302-473 
309-354 
311-153 
302-102 


305-123 
311-17] 
315-102 
304-184 
305-0823-00 


316-104 
316-470 
316-101 
302-221 
315-100 


308-069 
316-154 
311-068 
302-220 
302-220 


309-140 
309-148 
309-141 
309-139 
309-142 


309-138 
309-145 
309-135 
302-270 
309-148 


316-104 
316-334 
*308-141 
316-470 
316-221 


Resistors (continued) 


Description 


Var. 


Iw 


Var. 


Prec. 


Prec. 
Prec. 


WW 


Prec. 


WW 


Prec. 
Prec. 
Prec. 
Prec. 
Prec. 


Prec. 
Prec. 
Prec. 


Prec. 


WW 


S/N Range 

OUTPUT DC LEVEL 
iy 101-813 
Syd 814-3239 
Sis 3240-up 
by 101-813 
ie 814-up 
5% 101-813 
3% 814-up 
101-2650X 
101-813 


ye 814-up 
DC LEVEL RANGE 


Wh X155-up 

X155-up 

596 X814-up 

X814-3239 

5, 3240-up 
5% 
5% 


OPEN LOOP GAIN 


5% X105-2949X 
X105-2949 


© 


Tektronix 

Ckt. No. — Part No. 
R6522 301-0331 -00 
R6523 316-560 
R6523 *308-141 
R6524 318-083 
R6530 *311-259 
R6531 303-153 
R6532 303-153 
R6533 311-171 
R6536 Use 311-392 
R6538 306-103 
R6539 302-562 
R6541 316-470 
R6544 318-083 
R6546 311-0337-00 
R6550 311-028 
R6551 302-104 
R6552 302-104 
R6556 302-104 
R6557 311-301 
R6557 311-088 
R6558 302-104 
R6560 303-0103-00 
R6562 315-0221-00 
R6563 302-392 
R6564 318-083 
R6565 307-023 
R6567 321-0097-00 
R6568 319-050 
R6568 321-0059-00 
R6569 301-912 
R6570 303-0103-00 
R6572 315-0221-00 
R6573 302-392 
R6574 318-083 
R6575 307-023 
R6576 306-392 
R6577 321-0097-00 
R6578 315-0822-00 
R6579 301-912 
R6580 304-152 
R6582 302-101 
R6586 302-101 

Unwired Wired 
SW5510A&B *260-430 Use *050-074 
SW5510A&B *260-430 *262-518 
SW5515 260-396 
SW5517 260-398 
SW5520 260-397 


. 


Parts List — Type O 


Resistors (continued) 


Description S/N Range 
3300 YW awe 2950-up 
56Q Vw 101-104 
GQ Vw WW BY, 105-2949X 
200 2 Ve W 
7100 Var. WW VARIABLE VOLTS/CM 
15:k lw Wh 
15k lw WA 
5k Vor. DC BAL. 
10k 2w Var. WW GAIN ADJ. 
10k 2w 
5.6 k Yo WwW 
47 Q V, W 
200 Q Ve w Prec. 1% 
20 k Var. X2950-up 
2x100 k 2w Var. POSITION 
100 k Yow 
100 k Yow 
100 k Vow 
100 k 2w Var. VERT. POS. RANGE 101-154 
100 k 0.2 w Var. 155-up 
100 k Yo WwW 101-2949X 
10k lw Die X2950-up 
2200 Vw 5% X2950-up 
3.9 k Yow 101-2949X 
200 2 Yaw Prec. Ls 101-2949X 
472 Vow 101-2949X 
1009 Ve W Prec. Lue X2950-up 
1199 Uw Prec. n% 101-2949 
40.20 Vw Prec. 1% 2950-up 
9 1ak Vo W Syd 101-2949X 
10k lw WA X2950-up 
220 0 Vw 595 X2950-up 
3.9 k Vow 101-2949X 
200 Q Ve w Prec. Les 101-2949X 
47Q Vow 101-2949X 
3.9k 2w 101-2949X 
1000 Va w Prec. Is X2950-up 
8.2k V4 w 5 X2950-up 
91k Vow Bok 101-2949X 
1.5k lw 
1002 Vow 
100 2 Vow 

Switches 
Rotary SELECTOR A 101-318 
Rotary SELECTOR A 319-up 
Toggle INTEGRATOR LF REJECT A 
Toggle GRID SEL 
Toggle DC LEVEL ADJ A 
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Ckt. No. 


Tektronix 


Unwired 


Part No. 
Wired 


Switches (continued) 


SW5560A&B *260-431 Use *050-075 Rotary 
SW5560A&A *260-431 *262-519 
260-396 
260-398 
260-397 


SW5565 
SW5567 
SW5570 


SW6500 
SW6502 
SW6510 


Q5523 
Q5523 
Q5573 
Q5573 


Q6564 
Q6564 
Q6574 
Q6574 


yea ; 
V5534 
V5529 
V5539 
V5543 


weet ; 
V5584 
V5579 
V5589 
V5593 


V6524 : 
V6544 


*260-432 Use *262-634 


260-248 
*260-428 *262-426 


Use 


Use 


Use 


*151-0096-00 
151-0150-00 
*151-0096-00 
151-0150-00 


151-067 
*151-0120-00 

151-067 
*151-0120-00 


*157-071 


154-370 
154-370 
154-187 


*157-071 


154-370 
154-370 
154-187 


*157-077 


Description 

SELECTOR B 
Rotary SELECTOR B 
Toggle INTEGRATOR LF REJECT B 
Toggle GRID SEL 
Toggle DC LEVEL ADJ B 
Rotary VERTICAL DISPLAY 
Push Button ZERO CHECK 
Rotary VOLTS/CM 


Transistors 


Selected from 2N1893 
Silicon 2N3440 
Selected from 2N1893 
Silicon 2N3440 


2N1143 
Selected from 2N2475 
2N1143 
Selected from 2N2475 


Electron Tubes 


8426 


ZZ1000 
ZZ1000 
6DJ8 


8426 


ZZ1000 
ZZ1000 
6DJ8 


8426 


+ Selected pair. Furnished as a unit. 
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S/N Range 


101-318 
319-up 


X814-3879 
3880-up 
X814-3879 
3880-up 


101-2949 
2950-up 
101-2949 
2950-up 


X814-up 
X814-up 


X814-up 
X814-up 
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Ckt. No. 


Tektronix 


Unwired 


Part No. 
Wired 


Switches (continued) 


SW5560A&B *260-431 Use *050-075 Rotary 
SW5560A&A *260-431 *262-519 


SW5565 
SW5567 
SW5570 


SW6500 
SW6502 
SW6510 


Q5523 
Q5523 
Q5573 
Q5573 


Q6564 
Q6564 
Q6574 
Q6574 


V5524 
Y5534 
V5529 
V5539 
V5543 


V5584 
V5579 
V5589 
V5593 


V5574 


V6524 + 
V6544 


Use 


260-396 
260-398 
260-397 


*260-432 Use *262-634 
260-248 
*260-428 *262-426 


*151-0096-00 
151-0150-00 
*151-0096-00 
151-0150-00 


151-067 
*151-0120-00 

151-067 
*151-0120-00 


*157-071 


154-370 
154-370 
154-187 


*157-071 


154-370 
154-370 
154-187 


*157-077 


Description 

SELECTOR B 
Rotary SELECTOR B 
Toggle INTEGRATOR LF REJECT B 
Toggle GRID SEL 
Toggle DC LEVEL ADJ B 
Rotary VERTICAL DISPLAY 
Push Button ZERO CHECK 
Rotary VOLTS/CM 


Transistors 


Selected from 2N1893 
Silicon 2N3440 
Selected from 2N1893 
Silicon 2N3440 


2N1143 
Selected from 2N2475 
2N1143 
Selected from 2N2475 


Electron Tubes 


8426 


ZZ1000 
ZZ1000 
6DJ8 


8426 


ZZ1000 
ZZ1000 
6DJ8 


8426 


+ Selected pair. Furnished as a unit. 


S/N Range 


101-318 
319-up 


X814-3879 
3880-up 
X814-3879 
3880-up 


101-2949 
2950-up 
101-2949 
2950-up 


X814-up 
X814-up 


X814-up 
X814-up 


_ | VERTICAL 
a DISPLAY 


PARAPHASE OUTPUT \ 
OUTPUTA ATTENUATORS AMPLIFIER STAGE 5 Seno ouT 
Vve524 Qesed = INDICATOR 

OUTPUT BL ves4a4 Q6s74 3 


OPERATIONAL AMPLIFIERS ee ee PREAMPLIFIER 


MRH 
2-19-62 


Tie Ole LUG —iIN) UNIT, A BLOCK DIAGRAM 


a 


, 
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: 


7 
an 
% 

2 


= 
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\ 
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% TO 
CAPACITORS MARKED WITH R55123 


ASTERISK ARE SELECTED FOR 
OPTIMUM PERFORMANCE WHEN 
ZiL=ZF (RESISTIVE). NOMINAL 
VALUES ARE FROM OTO Ipf. 


DIE IWMIES Ole 2h = ar SHAS iVOR Swi 


We eel foe TANS eS Ui 


EA 
SW 5510 { 
SELECTOR 


g 
“a 
3F 
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INPUT | \ 
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SW5515 


ie ae At 
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PATCH PANEL — 
FOR CONNECTING 
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J Ne-2 
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SEE PARTS LIST FOR EARLIER 
VALUES AND SERIAL NUMBER 
RANGES OF PARTS MARKED 
WITH BLUE OUTLINE. 


SWS 520 === 
SPRING RETURN 


TO POSITION SHOWN. 


HOLD ADJ. POSITION 
WHILE SETTING 
OUTPUT DC LEVEL. 


BOOTSTRAP CF 


INPUT AMPLIFIER OUTPUT CF 


R551 


INTEGRATOR] _ 
LF REJECT 


Sw 5515 


S/N 101-318 


+200? IOV 


RS5S24 05528 
1K c$S26 o5Vv 
0.1 2.5ma 
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D5s29 -0ol 
o5V 
-1.6] 2.7ma 
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DC LEVEL G 
RANGEA 12.8ma 
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OBTAINED UNDER FOLLOWING CONDITIONS = 
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MANUAL CHANGE INFORMATION 


At Tektronix, we continually strive to keep up with 
latest electronic developments by adding circuit and 
component improvements to our instruments as soon 
as they are developed and tested. 


Sometimes, due to printing and shipping require- 
ments, we can't get these changes immediately into 
printed manuals. Hence, your manual may contain new 
change information on following pages. If it does not, 
your manual is correct as printed. 
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TYPE O EFF SN 2950 


TEXT CORRECTION 


Section 7 Calibration Procedure 


Page 7—4+4 
Delete: Step 10 
Add: 10. Adjust input Capacitance and Neutralizing Capacitors 
a. Connect the output of the Type 105 to the EXT. Input connector 
using a 50 ohm coaxial cable, a 50 ohm (in-line) Termination and a 47 pF 
Time Constant Standardizer (Normalizer) in the order given. 


be Set the instrument controls as follows: 


Type O Unit 
Operational Amplifier controls (both channels) 
+ GRID SEL (-) 
INTEGRATOR LF REJECT OFF 
2 SELECTOR 1 MEG 
26 SELECTOR 1 MEG 
Preamplifier controls 
POSITION Midrange 
VOLTS/CM 05 
VARIABLE Minimum amplitude 
VERTICAL DISPLAY +DC 
Oscilloscope 
Horizontal Display Main Sweep Normal i 
or Time Base A 
Triggering Mode Automatic 
Triggering Slope +Int. 
Stability Preset 
Time/cm 1 Millisec 
Sweep Magnifier Off 
Intensity Normal trace brilliance 
Type 105 
Range 1 kHz 
Output Amplitude Maintain 3.5 centimeters 


‘ of display amplitude 
throughout this adjust- 


ment step. 


Cl /1266 


Page 2 of 5 


Type O 
Page 7-4 
c. Use this Table as a guide and adjust the capacitors as 
directed in steps d through i. Fig. 7-3a shows the location of 


the Capacitors. 


VERTICAL DISPLAY VARIABLE ADJUST FOR OPTIMUM 
EXT + Dc Minimuni Ampli- C6521 '’Flattop 
- tude 
CALIBRATE C6574 
EXT = DC Minimum Ampli- C6541 Flat Bottom 
tude 
CALIBRATE C6564 


d. Adjust C6521 for an optimum flat top appearance of the 
displayed waveform. 

e. Move the VERTICAL DISPLAY selector to the -DC position 
and adjust C6541 for an optimum flat bottom appearance of the 
displayed waveform. 

f. Move the VERTICAL DISPLAY selector to the +DC position, 
turn the VARIABLE control to CALIBRATED (reduce the Type 105 signal 
amplitude) and adjust C6574 for an optimum flat top appearance of 
the displayed waveform. 

g. Move the VERTICAL DISPLAY selector to -DC and adjust C6564 
for an optimum flat bottom appearance of the displayed waveform. 

he The adjustments of C6541 and C6564 tend to interact; turn 
the VARIABLE control to the minimum amplitude position, readjust 
C6541, turn the VARIABLE control to CALIBRATE, readjust C6564. 
Repeat this procedure untill an optimum flat bottom waveform appear=- 
ance is obtained at the two extremes of the VARIABLE control range. 

i. Move the VERTICAL DISPLAY selector to +DC, turn the 
VARIABLE control to the minimum amplitude position and readjust 
C6521. Turn the VARIABLE control to CALIBRATE and readjust C6574. 
Alternately readjust these two capacitors untill an optimum flat 
top waveform appearance is obtained at the two extremes of the 


VARIABLE control range. 
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Type re) Page 3 of 5 
Page 7=5 
Delete: Step 12 
Add: 12, Adjust High Frequency Peaking 
a. Reinstall the O Unit in the oscilloscope. Conmect the output 
of the Type 107 Square- lave Generator to the EXT. INPUT connector using 
a 50 ohm coaxial cable and a 50 ohm (in-line) Termimation in the order given. 
NOTE 
If a Type 105 is sbustituted for the Type 107 is 
this Step, connect the output of the Type 105 to 
the EXT. INPUT connector using a 50 ohm (in-line) 
Termination, a 50 ohm coaxial cable, a 10:1 Atten- 
uator (50 ohm, 10X Attenuator) and a 50 ohm (in- 
line) Termination in the order give. 


be Set the instrument controls as follows: 


Type O 
Operational Amplifier controls (both channels) 

+GRID SEL (=) 

INTEGRATOR LF REJECT OFF 

Z, SELECTOR 1 MEG 

2, SELECTOR 1 MEG 

Preamplifier controls 

POSITION Midrange 

VOLTS/CM 005 

VARIABLE CALIBRATED (at detent) 

VERTICAL DISPLAY +DC 

Oscilloscope 

Horizontal Display Main Sweep Normal 
or Time Base A 

Triggering Mode Automatic 

Triggering Slope +Int. 

Stability Preset 

Tine/cm As required to display 
2-3 cycles of the wave- 
fora 

Sweep Magnifier Off 

Intensity Nermally brillant trace 


C1/1266 
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Type O 


Page 7-5 
Type 107 
Frequency j ; Approximately 500 kHz 
Amplitude | Approximately 3.5 cm 


Ceo Deeee the high frequency peakinzcadsue peewee peering the 
cores of L6524 and L6544 toward the chassis untill they are out of 
the coil winding areas and by setting the adjustments of R6546 and 
C6546 to mid-range. C6546 is at mid-range when the silvered ares 
is aligned with the arrow. Fig. 7-3a shows the location of these 
adjustments. olin ea Lito 

d. Adjust R6546 and C6546 for optimum flat top appearance of 
the waveform. Move the VERTICAL DISPLAY pelectornte -DC and adjust 
R6546 and C6546 for optimum flat bottom appearance of the waveform. 
Alternate the VERTICAL DISPIAY selector between the +DC and -DC 
positions and readjust R6546 and C6546 as necessary. 

e. Set the VERTICAL DISPLAY selector to +DC nd adjust L6424 
for an optimum square appearance of the top-left corner of the wave- 
form. Move the VERTICAL DISPLAY selector to -DC and ene L6544 
for an optimum square appearance of the bottom-left. corner of the 
waveform. When performing this Step, alternately adjust L6524 and 


L6544 and approach their final settings in small increments. 
Delete: First four lines of Step 13. 


Page 7-6 


Delete: Fig. 7-3 
Add: Fig. 7-3a provided with this insert. 
Change: Number 12 at the top of Fig. 7-4 to number 11. 
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TYPE O BFF SN 2950 
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Fig. 7-3a. Location of calibration adjustments. Numbers in 


parenthesis refer to steps in adjustment procedure. This illustration is 
effective for serials 2950 and up. 
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TYPE O 


STANDARD ACCESSORIES CORRECTION 


013-0048-01 2 ADAPTER, terminal 
013-0049-01 2 SHIELD, terminal 
103-0033-00 2 - ADAPTER, BNC to binding post 
012-0087-00 2 CORD, patch 

070-0323-00 2 MANUAL, instruction 


C1 /167 


TYPE O 


TEXT CORRECTION 


Section 7 Calibration Procedure 


Page 7-8, Step 19. 


Second Paragraph: 


CHANGE "INTEGRATOR LF REJECT 1 CPS' to read; 
‘INTEGRATOR LF REJECT OFF. 
Step 19b. 


CHANGE to read; 

be Without changing the Type 105 output, set Zu, to .l pf, a, to .1 pf, 
and the INTEGRATOR LF REJECT switch to 1 CPS. With the VOLTS/CM switch set 
at 1 there should be 4 cm of crt display. 


Page 7-9, Step 20. 

Third Paragraph: 

CHANGE ‘INTEGRATOR LF REJECT 1 cps' to read} 
‘INTEGRATOR LF REJECT d3Cros. 
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TYPE O 


Section 1 Characteristics 
Page l-2 Accessories 
REMOVE : 

103 +0033=00 2 


TEXT CORRECTION 


ADAPTER, BNC to Binding Post 


M8, 313/468 
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TYPE O _ TENT SN 3880 


PARTS LIST AND SCHEMATIC CORRECTION 


CHANGE TO: 
Q5523 151-0150-00 Silicon 2N3440 
Q5573 151-0150-00 Silicon ON3440 


M11, 567/867 
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